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PREFACE 


Most inventions of this technical age serve to assist or replace 
human effort, be it physical or i n t el 1 e c tu al. There are several 
mechanical and el ectri cal devices for ampli fying human strenqth or 
replacinq human labour. Microphones and ampli fiers auqment thè 
sens e o f hearing, whi le loudspeaker s ampi i fy thè power o f thè 
human voice. Telescopes and microscopes are an ai d to thè sense of 
siqht, whi le photo and film carne ras in a certain way further thè 
ability of visual memory. 

All these devices are a reinforcement to man. He uses them in 
cases where a qiven task can be per formed in a more efficient way 
with thè aid of mechanical or physical implements. 

The Dhoto tube with i t s suppl emen t ary electronic equipment consti- 
tutes a device of a hiqher order, because it acts-by itself. It 
looks and watches; it even partially replaces thè reflex actions 
of thè human nervous System, without human aid. Once it is instal- 
led and di re et ed in itsduty.it i s a n e ver ti ring and ne ver si eepinq 
electronic supervisor, and when thè phenomenon it is to watch for 
occurs, it can qi ve a signal or make a huge machine stop or be set 
in mo tion, a eco rdinq to thè work i t i s re qui red to do. 

The phototube is no novelty. It started its career some thirty 
years ago. This magic device. Diade of a little glass, some metals 
and a tremendous amount of skill, which revo1 utionized thè sound 
film in one stroke, was bound to penetrate into industry. Here, 
liowever, its application was a more graduai evolution because in 
t iie beqinninq even thè most progressive of mechanical engineers 
only hesitatingly introduced thè phototube into their kingdom of 
force and power. Men were needed with an interest in, and with a 
knowledge of, both mechanics and electronics ; teams of mechanical 
and electronic engineers had to be formed, before tlie younger 
technigue could take its place on an equal footing with thè me¬ 
chanical and electrical industry. 

E sp e ci al 1 y during thè last decade, when tremendous indù st ri al 
problems had to be solved in thè shortest and most efficient way, 
co-operation between mechani cal and electronic engineers carne to 
full development. Due to electronics, which proved a formidable ally, 
production could be accelerated and multiplied in an unp re ceden t ed 
way; With electronics, generai interest focuses in particular on 
thè photo tube, because its application brought thè solution of 
hitherto insoluble technical problems. This do cum ent at i on , which 
contains in formation, circuits and suggestions on industriai 
phototube applications, is offered to thè progressi ve electronic 
equipment maker in order to direct his attention to this but par- 
tially explored field of action and source of profit. Additional 
and specific assi st ance for Solutions of problems that might 
arise during development o f phototube app a r atu s wi11 be gl adìy 
given. 
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General information 
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The information given in this Bulletin does 
not imply a licence under any patent. 



HIGH-VACUUM PHOTOTUBES 


Phototubes are photo-elect rie devices of t he emissive type, as 
distinct from thè barrier-layer and photo-conductive cells. They 
may be divided into two classes: 

(1) high-vacium phototubes; 

(2) gas-fili ed phototubes. 

Each of these groups can be subdivided into red-sensitive and 
blue-sensitive phototubes, thè spectral response depending upon 
thè cathode material. - 


THE CATHODE 

The cathode of a phototube is made of a material with a low work 
function. In fact, this work function is so low that, wh.en thè 
cathode is struck by a beam of light, free electrons are emitted. 
It is known that in this respect caesium is sensitive to red and 
infra-red rays, whereas for instance potassium is sensitive to thè 
eleetro-magnetic waves of shorter wavelength, i.e. blue, violet 
and ultra-violet . 


In thè course of development of photo -emissive cathodes it proved 
that very good red-sensitive cathodes could be made with caesium 
on a layer of oxidized silver, this being called thè "C" type of 
cathode. A very good b1ue-sensitive cathode is made of caesium on 
antimony and is called thè ”h“ 


Fig.l. Spectral response curve of 
an "h" type of cathode. 
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In Fig.l thè spectral response curve is shown of thè "h" type of 
cathode of a phototube. It is seen that thè greatest sensitivity 
lies in thè region between wavelengths of 3700 A and 4500 A, thus 
in thè range of violet and blue light.. Ultra-violet rays, having a 
wavelength below 3850 A, are absorbed by thè glass envelope of thè 
tube. As for thè phototube, thè curve is therefore only valid above 
3850 A. If phototubes sensitive to ultra-violet rays are desired, 
thè bulb must be provided with a quartz window, to let these rays 
passontothecathode. 





Fig.2 shows thè spectral response curve for thè "C" type of catho- 
de. Maximum sensitivity lies between 7 0 0 0 and 9 0 0 0 , which 
is thè region of red and infra-red light. 


The photo-cathode can be ùpplied on a sii ver piate, in which case 
thè entire bulb is transparent (for instance thè phototube 90 CV). 
In other cases thè cathode is applied to thè inner side of thè 
glass envelope. thè bulb then being only partly transparent; thè 
space where thè beam of light enters thè phototube is then called 
thè window. 



Fig.2. Spectral response curve of a 
type o f ca thode. 
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A value for thè maximum permi.ssible cathode current is given in 
thè tube data. This value holds when thè entire cathode surface 
is illuminated uniformly. If, however , only part of thè cathode 
surface is illuminated, thè cathode current must be kept corre- 
spondingly lower. 


DARK CURRENT 

Even if a photo-cathode is not illuminated it will emit some 
electrons, if only as a result of thè ambient temperature. The 
work function of thè cathode surface is so low that even at room 
temperature some thermionic emission can be observed. The current 
resulting from this thermionic emission is called thè dark current 
and is rat her low. For thè gas-filied tubes a dark current of less 

n 

than 10 _/ A can be guaranteed at 100 V, whilst for thè vacuum 

- fi 

tubes even less than 5 • 10 A can be guaranteed. 


SENSITIVITY 

The sensitivity of a phototube depends on thè type of cathode 
used and is expressed in ^A/lm. It must be,no t ed that this value 
has no significance if thè spectral energy distribution of thè 
light source is not known . 

Especially for phototubes sensitive to thè invisible infra-red 
radiation, thè sensitivity depends largely on thè spectral compo- 
sition of thè light. The eye cannot distinguish between a large 
and a small component of infra-red radiation. If there are two 
sources of light radiating ari equal number of lumens, it is pos- 
sible that one radiates far more of thè invisible infra-red than 
thè other. The sensitivity of a "C" cathode will be much greater 
for thè former light source than for thè latter. For instance. thè 
sensitivity of a phototube with a "C" type cathode is. for incan- 
descent light with a colour temperature of 2700 °K, 20 /iA/lm, but 
for daylight, which usually has a much smaller infra-red component, 
thè sensitivity is only 4 /iA/lm. The daylight sensitivity of a 
phototube with an "A' type cathode, however, is about 80 fiA/lm, 
whilst for a lamp with a colour temperature of 2700 °K it is 
45 M A/lm. 







Since phototubes are normally employed in combination with incan- 
descent lamps. thè sensitivity of phototubes is measured with a 
lamp with tungsten filament operating at a colour temperature of 
2700 °K 

THE ANODE 

The anode may consist of a single rod or a ben t wire, thè so - 
called hair pin anode. Where thè total electronic current is only 
very small (5 10 M A) , there is no need of a large anode surface 

for cooling. The anode. having to be placeà between thè light 
source and thè cathode, is made small and thin, so that only a very 
small part of thè light beam is intercepted. 

CHAfìACTERISTICS OF HIGH VACUUM PHOTOTUBES 

In Fig.3 thè saturation characteristìc of a high-vacuum phototube 
is represented The anode current depends on thè quantitv of light 
falling on thè cathode, so that thè sensitivity is indicated in- 
fik/ 1m. It is seen that only thè lower anode voltages effect thè 
anode current, this being due to thè fact that not all emitted 
electrons are drawn towards thè anode. Above a certain value thè 
anode current is practically independent of thè anode voltage. 
Whenall freed electrons impinge upon thè anode, saturation is 
reached The voltage where thè curve becomes fiat is called thè 
saturation voltage. 



If high-vacuum tubes are operated under thè conditions recommended, 
their characteristics remain substantially Constant over long 
periods of time. 

TYPES OF HIGH-VACUUM PHOTOTUBES 

The high-vacuum phototubes dealt with in this documentation are: 


58 CV . red - sens i t i ve 

90 AV . blue-sensitive 

90 CV . red-sens i t ive 

3545 . red-sensitive 








TOLERAJMCES 


The values given for sensitivity in thè data are thè initial 
values for average phototubes. The ratio of thè maximum to thè 
minimum initial sensitivity of phototubes of a given type will not 
exceed 3 to 1. These values are given beJow. 



Sensitivity in ^A ' 1m at 

Type 

0 hours 

500 hours 

V a 


min. 

n om . 

max . 

min . 

volts 

5 BCV 

11 

20 

33 

6 

50 

9 0AV 

35 

45 

105 

20 

85 

90CV 

13 

20 

40 

6 

50 

3545 

18 

25 

54 

10 

90 

5 8CG 

60 

.85 

180 

30 

85 

9 0 AG 

75 

130 

225 

40 

85 

90CG 

72 

125 

216 

35 

85 

3546 

95 

150 

285 

50 

85 

3554 

95 

150 

285 

50 

85 


STABILITY OVER LIFE 

Where a phototube is continuously operated under average cónditions 
(with continuous light falling on thè phototubes) its sensitivity 
may fall after 500 hours by as much as about 50% of thè minimum 
sensitivity at 0 hours, as can be seen in thè above table. 

The sensitivity of phototubes when run intermittently will be 
wholly or partially restored during thè inoperative periods, 

AMBIENT TEMPERATURE 

(a) RED SENSITIVE TYPES 

When using these phototubes at temperatures above 50 °C , up to 
max. 100 C, no deterioration of thè photocathode sensitivity 
will result. 

Between 30 and 100 °C thè dark current will increase about 
linearly up to max. 2.5 ^A in gasfilled types and up to max. 
1.5 /xA in vacuum types of phototube. 

{b) BLUE SENSITIVE TYPES 

When using these phototubes at temperatures between 50 and 
100 °C, a decrease of about 20% of thè sensitivity of thè 
photocathode will result. 

Between 50 and 100 °C thè dark current will increase about 
linearly up to max. 1 ^A in both gasfilled and vacuum types 
of phototube. 

However, for thè phototubes 90AG and 90AV a maximum ambient 
temperature of 70 °C can be allowed. 




Phototube 58 CV 


The phototube 58 CV is of thè vacuum tvpe 
and is provided with a caesium-on-oxidized- 
silver cathode. It is most sensitive to 
incandescent light sources and to near 
infra-red radiation. 

This phototube is designed for end-on in- 
cidence of illumination and its small di- 
mensions make it suitable for applications 
where space is a limiting factor, or where 
it is desired to have multiple banks of 
phototubes in operation. 

CATHODE 

Surface caesium-on-oxidized-silver 

2 

Projected sensitive area 1.1 cm 

(0.171 sq . in) 

MOUNTING POSITION any 

CAPACITANCE 

between anode and cathode 3.0 pF 



Fig.4. Phototube 58 CV. 


CHARACTERISTICS 

Dark current ( V Q = 50 V, t Qm k = 50 °C) max. 0.05 ^A 

Dark current ( V Q = 50 V, t = 100 °C) max. 1.5 ^A 

Sensitivity ( V Q = 50 V).= 20 /xA/lm*) 

TYPICAL OPERATING CONDITIONS 

Anode supply voltage. 50V 

Anoderesistor. 1 Mfi 

LIMITING YALUES (design centre values) 

Anode supply voi tage.max. 250 V 

Cathode current density.max. 30 m/uA 

Ambient temperature.max. 100 °C 


ELECTRODE ARRANGEMENT, CONNECTIONS AND DIMENSIONS (in mm) 


/pax 16, 


i 



Fig.5. Dimensions in mm and electrode connections. 

12 3 

} Red lead; ) black lead; ) sensitive cathode area. 

The arrow shows thedirection of theincident radiation. 


) Measured with a lamp of colour temperature 2700 °K. 





















Phototube 90 AV 


The phototube 90 AV is of thè vacuum tvpe 
with a caesium-on-antimony cathode. It is 
most sensitive to daylight and light ra¬ 
dia t ion having a blue predominance. It has 
negligible response to infra-red radiation. 

The use of thè miniature all-glass tech- 
nique permits of a rigid construction and 
a maximum exposed cathode area for a 
phototube of these small dimensions. 

CATHODE 

Sur face caesium-on-antimony 

a 2 

Projected sensitive area 4 cm 

(0.620 sq.ìn) 

MOUNTING POSITION an y 

CAPACITANCE 

between anode and cathode 0.7 pi 


Fig.8. Phototube 90 AV. 



CHARACTERISTICS 

Dark current ( V Q = 85 V). . 

Sensitivity ( V Q = 85 V) . . 

TYPICAL OPERATING CONDITIONS 
Anode supply voltage. . . . 

Anode resistor. 


max. 0.05 ^A 

45 MA/lm *) 

85 V 
1 MO 


LIMITING VALUES (design centre values) 

Anode suppl y voltage.max. 100 V 

Cathode current density . max. 12.5 m^A/mm 2 

Ambient temperature.max. 70 °C 

ELECTRODE ARRANGEMENT, CONNECTIONS AND DIMENSIONS (in min) 


max!9 



69601 


Fig.9. Dimensions in mm and electrode connections. 

1) Pins 1,2.6 and 7 aswell .as pins 3.4 and 5 should be inter- 
connected. The arrow shows thè direction of thè incident 
radiation. 
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*) Measured with □ lamp of colour temperature 2700 K. 










Fig.10. Saturation eh aracteristie. 
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Fig • 11■ I /V characteristics. 
a a 
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Phototube 90 CV 


The phototube 90CV is a va.cuum tube with a 
caesium-on-oxidized-silver cathode , thus 
most sensitive to incandescent light 
sources and to near infra-red radiation. 
The use of thè miniature all-glass base 
permits of a rigid construction and a 
maximum exposed cathode area for a photo¬ 
tube o f t his size . 

CATHODE 

Surface caesium-on-oxidized silver 

2 

Projected sensitive aerea 2.4 cm 

( 0 . 372 sq. in) 

MOUNTING POSII 10N an y 

CAPACITANCE 

between anode and cathode 0.6 pF 



Fig.12. Phototube 90 CV . 


CHARACTERISTICS 

Dark current (= 50 V, t am k = 50 °C) max. 0.05 ^A 

Dark current ( V Q = 50 V. tamb = °C) max. 1.5 

Sensitivity ( V Q = 50 V).= 20 A/lm *) 

TYPICAL OPERATING CONDITIONS 

Anode suppl y voi tage. 50 V 

Anode resistor. 1 MC 

LIMITINO VALUES (design centre values) 

Anode supply voltage.max. 250 V 

Cathode current density.max. 0.03 A/mm 2 

Ambient temperature . . max. 100 °C 


ELECTRODE ARRANGEMENT, CONNECTIONS AND DIMENSIONS (in mm) 

max 19 


k 

0 


Fig•13• Dimensione in mm and electrode connections. 

1) Pins 1.2.6 and 7 as well as pins 3,4 and 5 should be inter- 
connected. The arrow shows thè direction of thè incident 
radia tion. 



) Measured with a lamp of colour temperature 2700 K. 










Fig.14* Satu ration characteristic. 



Fig.15. I /V characteristics. 
a a 
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Phototube 3545 


The phototube 3545 is of thè vacuum type 
with a caesium-on-oxidized-silver cathode, 
most sensitive to incandescent light 
sources and to near infra-red radiation. 

In order to prevent microphony if thè tube 
is used in equipment which is subjected to 
vibration, special measures have been taken 
to obtain a rigid electrode structure. The 
top endsof anode and cathode, for example, 
are interconnected mechanically via a glass 
bead to prevent vibration of these elee- 
trodes as a result of impact excitation. 

The 3545 can be supplied with a standard 
PeeWee or with a two-pin base. 

CATHODE 

Surface caesium-on-oxidized-silver 

2 

Projected sensitive area 0.9 cm 

(0.140 sq. in) 



Fig.16- Phototube 3545(PW) 


MOUNTING POSITION 


any 


CAPACITANCE 

between anode and cathode 2 pF 

CHARACTERISTICS 

Dark current ( V Q = 90 V, t amb 
Dark current ( V Q = 90 V, t amb 


= 50 °C) 

= 100 °C) 


Sensi tivity 
TYPICAL OPERATING CONDITIONS 


(V Q = 90 V) 


Anode supply voJ taqe, 
Anode resistor. . . . 


max . 
max . 


0.05 MA 
1.5 /xA 

2 5 }jì A /1. m 

90 V 
1 MQ 


LIMITING VALUES (design centre values) 

Anode suppJy voitage. 

Cathode current density . 

Ambient temperature . 

ELECTRODE ARRANGEMENT, CONNECTIONS AND DIMENSIONS (in mm) 


, max . 
.max , 
, max. 


250 V 
50 m^A/mm' 
100 °C 



max 16,5 




ì ! 

I I 
-1_I 


1 o 

1 ) Measured with a lamp of colour temperature 2700 K, 






























































GAS-FILLED PHOTOTUBES 


In thè course of thè 1ast twenty years thè sensitivity of par- 
ticularly thè b1ue-sensitive high-vacuum phototubes has been 
improved quite remarkably. This is illustrateci by comparing thè 
old b 1 ue - sen s i t i ve tube type 3510, having a sensitivity of 3 ^A/lm, 
with thè newer type 9 OAV which has a sensitivity of 45 /a A /1 m . 
Red - sensitive tubes have not been improved to thè same extent. 

For several purposes a much greater sensitivity is required and 
this can be reached in a rather simple way by letting a small 
quantity of inert gas into thè bulb. 

The gas amplification can be explained as follows; When thè elec- 
trons pass from thè cathode to thè anode in a gas-filied tube, on 
their way they will meet thè gas atoms. If thè velocity of thè 
electrons is only small, this will be of no influence on thè photo 
current. If, on thè other hand. an electron traverses a potential 
which exceeds thè ionization voltage of thè inert gas concerned, 
it has a velocity sufficiently high to ionize gas atoms by colli¬ 
si on . Th rough this collision a positive ion is forni ed .which travels 
to thè cathode, and a free electron is released, which, together 
with thè originai electron, passes to thè anode. These two elec¬ 
trons may cause thè ionization of other gas atoms so that for 
one electron released from thè cathode by thè beam of light, 
several electrons may arrive at thè anode. The positive ions 
resulting from thè ionization. impinge on thè cathode and may 
release other electrons from its surface, which, on their way to 
thè anode, ionize other gas atoms, and so on. It v/ill be clear 



Fig.20. I Q /V a characteristics of a gas-filled phototube. 



























t ha t in this way thè photo-current can be amplified several times, 
and this ampi 1 ficat 1 on inereases with thè anode voltage. since thè 
velocity of thè electrons is higher as thè potential difference 
traversed is larger. The number of collisions resulting in ion- 
ization therefore inereases with thè anode voltage. 

The anode voltage however, mav not be increased indefinitely 
because at too high an anode voltage a glow discharge would occur 
which may damage thè tube, lo limit thè effect of Occidental 
over-running a protective resistor of at least 0.1 Mfz should be 
inserted. The ignition voltage of gas-filled phototubes is ab o u t 
100 to 150 V for thè different types and thè anode voltage has to 
be made much lower; for instance, 75 to 100 V. The gas ampiification 
that can be obtained in this way ranges between 5 and 10 times. 

Typical Iq/Vq characteristics of a gas-filled phototube are shown 
in Fig.20. In thè curved parts of thè characteristics thevoltage 
across thè load resistor will not be exactly proportional to thè 
amount of Tight falling on thè cathode. For this reason gas-filled 
phototubes are not very suitable for exact measurement purposes; 
they are. however, excellent for sound reproduction, because at 
thè usuai value of thè load resistor in sound-film apparatus, thè 
bend in thè characteristic is of negligible influence. 

For industriai purposes, where a great sensitivity prevails over 
exactness, thè gas-filled phototube is very useful. 


7R037L8 



The gas amplification decreases at higher frequencies. This is due 
to thè fact that thè ions formed in thè gaè are much heavier than 
thè electrons. so that their velocity is relatively low. When thè 
light is suddenly interrupted there are stili some ions moving to 
thè cathode which releasesome electrons, ionizing other gas atoms, 
and so on. The number of newly formed ions, however, is too small 
to keep thè anode current flowing and so thè la11er is gradual1y de- 
creasing. Likewise thè anode current will not reach its final value 
immediately after thè cathode is illuminated. 

Thus at higher frequencies thè gas amp1ification is not able to 
follow thè fluctuations of thè light, and thè result is that above 

































1000 c / s thè amplification decreases, but up to 10.000 c/s this 
decrease is so small as to be of no ìnfluence for practical appli- 
cations. A typical example of a frequency characteristic of a gas - 
filled phototube is given in Fig-21- 

The types of gas-filled phototubes dealt with in this documentation 
are : 


5 8 CG . 

. red sensitive 

9 0 AG. 

. blue-sensitive 

90 CG . 

...... red-sensit ive 

3546 . 

. red-sensitive 

3554 . 
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Phototube 58 CG 
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The phototube 58 CG of thè gas-filled 
type, with a ceasium-on-oxidized-silver 
cathode, thus most sensitive to incan- 
descent light sources and to near infra- 
red radiation . 

This tube is designed for end-on incidence 
of illumination and its small dimensions 
render it suitable for applications where 
space is a limiting factor or where it is 
desired to have multi pi e banks of photo¬ 
tube s in ope ration. 

CATHODE 

Surface caesium-on-oxidized-silver 

2 

Projected sensitive area 1.1 cm 

(0.171 sq. in) 



MOIINTING POS ITI ON any Fig.22. Phototube Ó8 CG. 

. CAPACITANCE 

be t ween anode and cathode 3.0 pF 


CHARACTERISTICS 

Dark current ( V Q = 85 V, t Qmb = 50 °C) max. 0.1 fjA 

Dark current ( = 85 V, t Qmb = 100 °C) max. 2.5 /xA 

Sensitivity ( V Q = 85 V).= 108 jtxA/lm*) 

TYPICAL OPERATING COND-ITIONS 

Anode supply voi tage. 85 V 

Anoderesistor. 1 Mfi 

LIMITING VALUES (design centre values) 

Anode supply voi tage .max. 90 V 

Cathode current density.max. 15 m^A/mm 2 

Ambient temperature.max. 100 °C 


ELECTRODE ARRANGEMENT. CONNECTIONS AND DIMENSIONS (in mm) 

ma x16 


-r 



Fig.23. Dimensions in mm and electrode connections. 

1 2 3 

) Red lead; ) black lead; ) sensitive cathode area. 

The arrow shows thè direction of thè incident radiation. 


) Measured with a lamp of colour temperature 2700 K. 



































Phototube 90 AG 


The phototube 90 AG is of thè gas-filled 
type with a caesium-on - ant i mony cathode. 
It has a high sensitivity to daylight and 
to light sources predominating in blue 
radiation. Its responseto inf ra-red radia- 
tion is negligible. The use of thè miniature 
all-glass technique permits of a rigid 
construction and a very large sensitivity 
surface for a phototube of such small 
dimensions. 

CATHODE 

Surface caesium-on-antimony 

2 

Prcjected sensitive area 4 cm 

(0.620 sq. in) 

MOUNTING POSITION any 

CAPACITALE 

Between anode and cathode 0.7 pF 




L 





M2S49 

Fig.25* Phototube 90 AG* 


CHARACTERISTICS 

Dark current (V = 85 V).max. 0.1 /xA 

Sensitivity [V Q = 85 V).= -130 /xA/lm*) 

TYPICAL OPERATING CONDITIONS 

Anode supplyvoltage. 85V 

Anoderesistor. .. 1 MO 


LIMITING VALUES (design centre values) 

Anode supply voi tage .max. 90 V 

Cathode current density . . . .max. 6 m^A/mm 2 

Ambient temperature.max. 70 °C 

ELECTRODE ARRANGEMENT. CONNECTIONS AND DIMENSIONS (in mm) 


, max 19 



69597 


Fig.26* Dimensions in mm and electrode connections. 

1) Pins 1.2.6 and 7 as well as pins 3.4 and 5 should be in te r- 
cotinected. The arrow shows thè direction of thè incident 
radia tion . 


) Measured with a lamp of colour temperature 2700 ° K . 
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Phototube 90 CG 


The 90 CG is a gas-fili ed phototube with a 
caesium-on-oxidized-silver cathode, so it 
is most sensitive to incandescent light 
sources and near infra-red radiation. 

The use of thè miniature all-glass tech- 
nique permits of a rigid construction and 
a very large sensitive sur face for a 
phototube of this size. 

CATHODE 

Surface caesium-on-oxid ìzed-silver 

2 

Projected sensitive area 2.4 cm 

(0.372 sq. in) 

MOUNTING POSITION any 

CAPACITANCE 

between anode and cathode 0 6 pF 



Fig.28- Phototube 90 CG. 


CHARACTERISTICS 

Dark current (V a = 85 V, = 50 °C) max. 0.1 /U-A 

Dark current (V Q = 85 V, t am ^ = 100 °C) max. 2.5 /U-A 

Sensitivity (7 Q = 85 V).= 125 /U-A/im *) 

TYPICAL OPERATING CONDÌTIONS 

Anode supply volta ge. 85V 

Anode resistor. 1 Mfi 

LIMITING VALUES (design centre vaJues) 

Anode supply voltage.max. 90 V 

Cathode current density.max. 7 m^A/mm 2 

Ambient temperature.* max. 100 °C 


ELECTRODE ARRANGEMENT. CONNECTIONS AND DIMENSIONS (in mm) 




Fig.29. Dimensions in mm and electrode connections. 

Pins 1, 2, 6 and 7 as well as pins 3. 4 and 5 should be 
interconnected. The arrow shows thè direction of thè 
incident radiation. 


) Measured with a lamp of colour temperature 2700 K. 
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Phototube 3546 


The phototube 3546 ìs of thè gas-filled 
type with a caesium-on-oxidized-silver 
cathode , thus most sensitive for incan- 
descent light sources and near infra-red 
radiat ìon • The small dimensions make it 
very use fui in standard sound- film projec- 
tors and in such 1ight-operated relays 
where small dimensions are of paramount 
impor tance. 

In thè construction of thè electrode 
System great care has been taken to avoid 
occurrence of microphony, thè topends of 
thè anode and thè cathode are connected 
to each other by means of a glass bead so 
that thè tube is quite insensitive to 
vibration of thè apparatus in which it is 
moun t ed. 

CATHODE 

Sur face caesium-on-oxidized-silver 

2 

Projected sensitive area 0.9 cm 

(0 . 140 sq. in) 


Fig.31. Phototube 3546(PW). 



MOUNTING POSITICN 


any 


CAPACITANCE 

between anode and cathode 2 pF 


CHARACTERISTICS 

Dark current ( V Q = 90 V, t am k = 50 °C ) max. .0.1 /xA 

Dark current ( V Q = 90 V, = 100 °C ) max. 2.5 /xA 

Sensitivity (V Q = 90 V).= 15CT /xA/lm 1 ) 

TYPICAL OPERATING CONDITIONS 

Anode supply voi tage . 90 V 

Anoderesistor. 1 Mfi 

LIMITING VALUES (design centre values) 

Anode supply voi tage .m ax . 90 V 

Cathode current density.max. 20 m/xA/mm 2 

Ambient temperature.max. 100 °C 


ELECTRODE ARRANGEMENT. CONNECTIONS AND DIMENSIONS (in min) 



l 


) 


Measured with a lamp 






































Phototube 3554 


Type 3554 is a gas- filled phototube with a 
caesiumon oxidized-silver cathode. It has 
maximum response for incandescent light 
and near in f ra-red radiation. Its high 
sensi t i.v j ty renders it sui table for use' in 
standard cinema insta 1 1 at 1 ons and in such 
ljght-operated reJays where a relat i vely 
large cathode sur face is wanted. 

The tube is equipped with a small tapered 
f ou r-pin base. 

CATHCDE 

Surface caes lum-ori- oxidized-silver 

2 

Projected sensitive area 5.2 cm 

(0.793 sq. in) 

MOUNTING POSITION any 

CAPACITANCE 

Fig.34. Phototube 3554 

between anode and cathode 3.4 pF 

CHARACTERISTICS 

Dark current ( V Q - 90 V, t Qm k = 50 °C) max. 0.1 jJ.h 

Dark current ( V Q = 90 V, t Qm k = 100 °C) max. 2.5 /i. A 

Sensitivity ( V Q = 90 V).= 150 /xA/Jm 1 ) 

TYPICAL OPERATING CONDITIONS 



Anode supp]y voJ tage . 90 V 

Anoderesistor. 1 Mfì 


LIMITING VALUES (design centre values) 


Anode suppj y vo J tage.max . 90 

Cathode current density.max. 20 

Ambient temperature.max. 100 


ELECTRODE ARRANGEMENT. CONNECTIONS AND DIMENSIONS ( 


V 

m^A/mm 2 
°C 

in mm ) 



min 14 


n 



Fig.35. Dimensions in mm and electrode connections. 

The arrow shows thè direction of thè incident radia tion. 


1 


) 


Measured with a lamp of colour 


temperature 2700 °K. 
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CLASSIFICATION 
OF PHOTOTUBE APPLICATIONS 


Phototubes are applied for measuring or indicating a quantity or a 
variation of light or colour. The measurement can be very rough, 
only indicating whether there is light or not: this tnay be called 
on-off action. A more refined measurement is possible when thè 
phototube indicates acertain increase or decrease of light. 

Finally, exact quanta of light can be measured. It is not necessary 
for thè light beamtostrike thè cathode directly; in several cases 
it will only be possible to use reflected light. Then there is no 
question of on-off action because every surface, even if it is 
apparently black, reflects some light. it then being only a matter 
of a maximum or minimum of reflected light; this may be called 
contrast action. 


Thus thè application of phototubes can be divided into two main 
g roups; 

(1) with direct light, 

(2) with reflected light. 


Each group is subdivided into three groups, viz.: 

1 . on-off action, 

2. action after certain increase or 
decrease of light, 

3. quantitative or spectral measure¬ 
ment of 1ight 


direct light 


and 


reflected light 


1. contrast action, 

2. action after certain amount of 
increase or decrease of reflected 
1 ight , 

3. quantitative or spectral measurement 
of reflected light. 


Every application of phototubes falls under one of these headings. 
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Fig.37. Camera part of X-ray 
apparatus for medicai mass 
chest examination. The photo¬ 
tube installation measuring 
thè light intensity on thè lu- 
minescent screen (th.e photo 
timer) is mounted in thè hood. 


The information obtained from thè phototube can be utilized in 
several ways. For on-off and contrast -action thè usuai method is 
as follows: After due amp1ification thè information of thè photo¬ 
tube commands a relay. The relay can either activate some signa11ing 
System or itcan switch on some auxiliary or servo-mechanism to con¬ 
trol a machine. 

When a gradually varying phenomenon of light is "observed" by a 
phototube and a predetermined limit is reached, thè tube can bring 
about thè same action as in thè case mentioned before. Finally, thè 
amount of light can be measured, and thè results can either be re- 
gistered directly or communicated to oth?r electronic apparatus and 
to servo-mechanisms. A practical example of thè last method is thè 
use of phototubes for automatic exposure control in X-ray film 
cameras such as are used for medicai mass examination in thè Army, 
big factoriesand for examining thè entire population ofadistrict. 
Owing to thè phototube apparatus incorporated in thè cameras, thè 
examination can be carried out at a rate of 500 persons per hour . 
Fig.37 shows a photograph of such a camera, with thè photo-timer 
mounted in thè hood . On page 32 a schematic survey is given of 
various applications of phototubes, grouped according to thè clas- 
sification mentioned cfbove, followed by a list of explanations in 
alphabetical order. 





ALPHABETICAL LIST 
OF PHOTOTUBE APPLICATIONS 


ABSORPTION METER 

Photometer used for measuring thè light transmission of liquids 
and translucent materials for coraparison or standardization . 

AIR DOFFER 

Photo electric air-jet device used in laundries. The laundered 
articles coming from thè ironer on a conveyer intercept a light 
beam striking a phototube. This operates an air-jet device, which 
is mounted in such a way that thè articles are blown onto a 
horizontal bar and stacked there until removed . 

ALARM 

A light beam (visible or invisible) striking a phototube is 
intercepted and an alarm signal is given. The light beam can be 
lengthened by means of mirrors. The interception may be caused 
by persons, approaching trains, traffic, etc. 

ASTRONOMY 

Photometers are used in this science for measuring light inten- 
sities or spectral emission of stars or other celestial bodies. 
With photomultipliers stili better results can be obtained. 

AUTOMATIC LIGHT SWITCHING 

One or more phototubes operating relay circuits, biased at a 
certain level, are directed towards thè sky. As soon as daylight 
decreases to a certain level, artificial illumination is switched 
on by thè relay. When daylight increases thè illumination is 
autornatical1y switched off. Some delaying device is incorporated 
in thè Circuit, to prevent thè relay from being operatedas a re- 
sult of passing foreign bodies intercepting thè light received by 
t he photo t ubes. 

AUTOMATIC AUTODIMMING 

In our modern busy traffic it requires very much attentiveness of 
thè driver at night to dim accurately and in time. 

An automatic dimmer can relieve thè driver of this distracting 
task, in order to give him more chance to concentrate on thè road. 

It is consequently well possible, that in thè years to come this 
application may become very important, especially' for photomulti- 
pliers or semi-conductor photo sensitive devices. 

BAKING COLOUR CONTROL 

In order to obtain baked products of uniform quality and to prevent 
burning, phototubes are installed in ovens in large bakeries or 
hotels. As soon as thè colour of thè products reaches a certain 
degree thè current is switched off and a signal is given. 



CALIBRATICI OF GAS AND WATER METERS 


In gas and water meters thè quantity used is measured by registering 
thè number of revolutions of a small propeller or vane, which is 
driven by thè gas or water flow. When a me ter has to be calibrated 
thè vane revolutions are compared with those of a standard meter 
of thè some type. The vane of thè standard meter intercepts a light 
beam to a phototube (or reflects light to it). The pulsating 
voltage on thè load resistor is amplified and fed to a gas- 
discharge 1amp. This 1amp illuminates thè vane of thè meter, and by 
thè stroboscopie effect it is easy to control thè number of revo¬ 
lutions so that it corresponds to that of thè standard meter. 

CHEMICAL ANALYSIS 

In Chemical analysis thè phototubes can be used in flame photo- 
meters, colorimeters etc. 

CHLORINATION OF WATER 

Drinking water is treated with chlorine to ensure its freedom of 
organic impurities. This process needs careful control since in- 
sufficient chlorine fails to render thè water safe for drinking, 
while too much chlorine gives it a disagreeable toste, A reagent 
can be added to samples of thè water, and if thè discoloration 
reaches a certain degree thè chlorine supply can be cut off. If 
thè required degree of discoloration is not reached extra chlorine 
can be added to thè water. When operated by phototubes thè process 
can be made fully automatic. 

COLORIMETER 

Photometerof special construction, used to analyse colour radiation 
eit her by comparison with a standard or by an absorption method. 

COLOUR COMPARISON 

To ascertain whether a newly made paint, ink or dye has thè same 
colour value as that of a product previously made, a comparative 
meas ur emen tean be made with a spectro-photometer (see spectro- 
photometer) . 

COLOUR INSPECTION DURING ROUGH TEMPERING 

In thè rough tempering of metals thè process can be observed by an 
optical pyrometer for measuring thè temperature. When thè correct 
t empera ture is reached, a phototube relay Circuit can either give 
a signal or modify thè process. 

CONTROL OF MIXTURE OF SOLUTIONS 

When a mixture has to be made of two Solutions of different colour 
or density, thè flow of thè liquid can autornatica11y be stopped 
when thè required colour is reached.A phototube, a relay amplifier 
and a solenoid valve are required for this purpose. 

COUNTING 

Objects carried along on a conveyer, or traffic on a highway, can 
be counted by interception or reflection of a light beam striking 
a phototube. The phototube signals are amplified and passed on to 
an electrical counting mechanism or circuii. 



DENSITY CONTROL 


Corresponds to "Control of Mixture of Solutions" and to "Smoke 
Detection" (q.v.). 

DISCOLOURING DURING CHEMICAL REACTIONS 

See "Chi or ination of Water" and "Control of Mixture". 

DUST DETECTION 

In some factories too high a dust content in thè air can be 
dangerous to workers or may spoil production. The air is drawn off 
by fans and thè dust content determined in thè same way as with 
thè smoke detector. 

EXAMINATION FOR: 


CRACKS 

DOUBLÉ PRI NT ING 
GR I ND I NG 
INSULATION 

LEAKS 

PIN HOLES 
POLISHING 
S E A MS 
S PRA YING 


In paper fed to printing machines. 

With printing presses. 

With grinding machines. 

01 enamelled wire with machines for 
winding coils or transformers. 

In thè 1atex rim in thè lid of tins in 
canneries. 

In thin plates made in rolling mills. 

With automatic polishing machines. 

With textile machines. 

With automatic spraying machines. Can be car- 
ried out with thè aid of phototubes either 
with direct or with reflected light. 


EXPOSURE CONTROL (X-RAY) 

In X-ray apparatus for mass examination automatic exposure control 
is built in. A phototube (or a photomultiplier)measures thè amount 
of light on a fluorescent screen and via auxiliary apparatus Con¬ 
trols thè exposure. 

EXPOSURE METER 

Exposure meters are used in photographic reproduction. The photo¬ 
tube measures thè light intensity, and automatic exposure control 
can be incorporated in thè insta11ation. 

FACSIMILE 

A scanning head comprising a phototube "reads" a text or photo- 
graph mounted on a rotating drum. It translates thè reflected 
light intensities of thè originai in current variations which 
are amplified and used for modulating a transmitter. 

At thè receiver end a drum rotating in synchronism with thè 
transmitter drum is used. The modulation is transferred by 
Chemical means to a specialJy prepared paper. 

When more sensitivity is required a photomultiplier must be used. 



FILLING CONTROL 


In a filling machine a phototube "watches" thè filling of bottles 
or jars. When thè required level is reached thè phototube signal 
causes thè flow of liquid to stop. The fili ed bottles are usually 
autornatical1y replaced by empty ones. 

FINAL INSPECTION 

Finished products often have to be examined to make sure that 
they are not sent out without labe 1s, trade marks, etc. This in- 
spection can be carried out with thè aid of a phototube instal¬ 
la t i on . 

FIRE ALARM 

Normally there is a considerable development of smoke before a 
blazing fire starts. A phototube smoke detector placed in an air- 
conditioning duct is used to give a fire alarm (see "Dus t Detection" 
and "Smoke Detection"). 

FLAME CONTROL 

When in boilers or furnaces thè fuel is oil or coal dust, extin- 
guishing of thè flame may cause an explosion if thè fuel supply is 
not immediately stopped. A phototube watches thè fire and in thè 
absence of a flame a signal is given and thè fuel supply is 
cut off. 

FLAME PHOTOMETERS 

To detect whether a material contains a certain element , a small 
amount of it .is burned in a flame. If it shows thè characteristic 
spectral line, which can be observed by a selective photometer, thè 
element in question must be present in thè material. 

FOLDING 

In laundries, printing offices, etc. goods have to be folded. When 
thè leading edge of thè material intercepts thè light beam to a 
phototube, thè latter brings thè folding mechanism into operation. 

GAS DETECTION 

To detect thè presence of dangerous gases in air, thè air can be 
drawn off and compressed. The qompressed air can be compared with 
pure air in different containers (phototube bridge circuit) or it 
can be lead through a liquid which changes colour when poisonous 
gas is present. The Chemical reaction can be observed by a photo¬ 
tube . 

GRINDING INSPECTION 
See "Examination". 

IMAGE REPRODUCTION 

In thè so-called flying spot scanning System for televising films 
a phototube is used to convert thè light variatìons into current 
variations. In modern flying spot scanners for use in television 
a photomultiplier is used. 

INTEGRATING PHOTOMETERS 

Photometer used to obtain integration of light exposures over a 
certain period. 



LEVEL CONTROL 


Level control can be either obtained by watching a gauge glass by 
means of a light beam on a phototube or in thè manner described 
under "Filling Control". 

MERCURY-VAPOUR DETECTOR 
See "Gas-Detection". 

METEOROLOGY 

The extent to which clouds or haze intercept thè sunlight is a 
measure for their density or composition, These factors can be 
measured with a photometer. 

MIXING COLOUR 

When inks , paints or dyes have to be mixed , to obtain thè same 
colour as previously used p thè eye is not sufficiently sensitive 
to distinguish fine differences in colour. When thè new mixture 
is compared with thè former one with thè aid of a spectrometer, 
thè analysis into different components shows whether thè new 
mixture is identical or. if not. which colour has to be added. 

OPTICAL PYROMETER 

This is used for ascertaining thè surface temperature of heated 
metals or ceramics. Means are usually provided for automatically 
regis ter \ iig thè temperature on a chart. The energy radiation of an 
incandescent body is appr oximat.ely proportional to thè fourth 
power of thè absolute temperature. 

PIN ROLE DETECTOR 

Thin metal sheets coming from thè rollers can be examined for pin 
holes by passing them over a light source and inspecting thè sur¬ 
face with thè aid of a row of photot ubes or what is called an 
aniseikon. Faulty sheets can automatically be removed . 

PHOTOGRAPHIC DENSITY 

The density on film can be measured by testing it with light 
from a gas-diseharge lamp. The light. having a pulsatory character 
causes an A.C. voltage across thè load resistor of a phototube. 
The meter indicating thè A.C. voltage can be directly calibrated 
in degrees of density or be used for comparison only. 

POLISHING MACHINES 
See "Examination" . 

REGISTER CONTROL 

Phototube method for controlling rotary presses, for cutting, 
gluing, labelling, folding, etc. at thè correct place on thè ai- 
ready printed material. 

SAFEGUARD 

When heav/ presses. punches drills.etc. are fed with thè material 
by hand. a phototube locking device can be used to prevent thè 
operator from being seriously hurt by thè machine. As long as a 
light beam to thè phototube is interrupted by thè hands or other 
parts of thè body thè machine is locked. Failure of phototube or 
light source locks thè machine too. 



SATURAIION MEASURING 


Ifa solution is saturateci thè density has a certain value, which 
can be measured with a photometer. 

SMOKE DETECTION 

Since smoke indicates waste of f ue 1 , it saves money to be warned 
when thè fire produces smoke. A phototube and light source are 
mounted opposite each other in thè chimney stack. As soon as thè 
smoke reaches a certain density, thè phototube brings a relay 
into action and a bell or buzzer is heard. The stoker regulates 
thè fire and thè signal stops as soon as thè fire burns properly. 

SORTING TO COLOUR 

Different methods are used for sorting with thè aid of photo- 
tubes. Cigars can be sorted to colour, coffee beans, oranges, etc. 
according to their quality. Filters are used to make thè phototube 
sensitive to one special colour. Faulty specimens of thè products 
under inspection are automatically removed. 

SOUND REPRODUCTION 

Recording of sound on film is either done photographica11y (sound 
film) or mechanically by cutting a track with variable width in 
blackened tape (Philips Miller). The reproduction is possible by 
moving thè film or tape at a uniform speed between alight source 
and a phototube. 

SPECTRAL ANALYSIS 

See "Colorimeter" ( "Flame Photometer" and "Spectrometer". 
SPECTROMETER 

Phototube instrument for measuring thè amount of direct or re- 
flected light of a certain colour. The different colours can be 
selected by selective filters or by using monochromatic light 
s ources. 

SWITCHING OF HEAVY CURRENTS 

The phototube circuit can control not only relays but transductors 
as well. This is of importance when heavy currents have to be 
switched or controlled. Transductors have thè advantage over 
heavy relay switches in that there are no moving parts or burning 
contacts. Furthermore they operate silently. For register control 
or temperature control transductors can be used. 

TEMPERATURE CONTROL 

A thermometer can be watched by a phototube to keep temperatures 
Constant. See further "Colour Inspection, "fìough Tempering" 
and "Switching of Heavy Currents". 

WEIGHING 

Automatic weighing can be done with phototube circuits. The photo¬ 
tube watches thè pointer of a weighing machine or scale. 



PART 2 

Practical applications 
and 

Circuit descriptions 
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PHOTOTUBE APPLICATIONS 


When a light signalhas to be converted into a switch manipulation, 
a phototube offers a fairly simple solution. Unfortunate 1y thè 
anode-current variations of a phototube are too smal 1 to operate 
even thè most sensitive relay, so that amp1ification is necessary. 

Especially when phenomena of a slow character have to be registered 
or con t r o11ed, thè amplifier can very often be of simple design. In 
such cases. thè exciter lamp, thè amplifier and even thè phototube 
can be fed directly from thè a.c. mains or from a simple and in- 
expensive mains transformer. In other app1ications, however, d.c. 
supply is often required for all elements in thè Circuit, even for 
thè exciter lamp. Then a more complicated amplifier must b e advised, 
In this chapter various phototube amplifiers and relay circuits 
will be described together with some industriai appiications. 

A UNIVERSAL ELECTRONIC SWITCH FOR INDUSTRIAL PURPOSES 

Fig.38 shows thè diagram of a very elaborate Circuit for photo- 
eJectric counting and control. The functions of thè several com - 
ponents are as folJows: 

(a) The doublé switch offers thè possibility of c hang i ng - ove r 

from a "light" Circuit (in which case thè relay is operated 
by light impinging on thè photocathode) to a "dark" circuit 
(in which case thè relay is operated by darkness). 



PARTS LIST 

R x = 1 Mfi. % W 

/? , = i mQ. % w 

R 2 = 1 kfì. w 

= 30 mO, % W 

n , = io mQ. % w 

fi = 200 kO. % W 

4 

fl 5 = 500 kfi, % w 

flg = i m£ 1. « w 

= 100 kfi. % W 

fl 8 = 220 kfì. % V 

fl g = 1 kfì. J4 W 

C 1 = 120 pF 

C » = 120 pF 

C 2 = 6 4F 

C = 0.022 uF 

T = 5823 

P = P' = 90 CV 





(b) By incorporating thè capacitor C g a certain leading phase 
shift (a in Fig.39) is introduced between thè trigger voltage 
and thè anode voltage of thè 5823. thus ensuring that thè 
duration of thè current pulse flowing through thè relay (/3 in 
Fig.39) is a maximum. 

(c) A more reliable action is obtained by using a 15 000 fì relay 
instead of thenormally used 2000 fì relay,especial 1y in respect 
of fluttering at small light intensities. 

(d ) The resistor R g of 1 kfì has been incorporated in thè cathode 
Circuit of thè 5823 to limit thè peak starter current and to 
provide thè required voltage dìfference between thè switching- 
on and -off voltages. 

(e) The sensitivity of thè apparatus is adjustable by varying 
thè phototube voltage, by means of thè potentiometer R g. 

(f) The resistor R g of 30 Mfi has thè function of a leak resis¬ 

tor for thè capacitor C^, thus rendering thè discharge time 
of more Constant in thè "light" Circuit. In thè "dark" 

Circuit R ' forms a potential divider with . 

3 

In thè "light" circuii, i.e. when thè 
switch Si occupies thè position indi- 
cated in Fig.38, thè operation is based 
on thè rectifying effect of thè photo¬ 
tube when it is illuminated. The ca¬ 
pacitor is then gradually charged 

by thè current flowing through thè 
phototube until thè trigger breakdown 
voltage has been reached. 

The operation of thè "dark" Circuit is 
based on a different function of thè 
phototube, which then forms a variable 
leak resistor for thè capacitor C ^ . 

When thè phototube is illuminated thè 
discharge current through thè photo¬ 
tube is so large that thè remaining 
voltage across C ^ 1S t oo 1 ow to trig¬ 
ger thè 5823. The difference between 
thè two circuits therefore amounts to thè high resistors and thè 
phototube (with thè protecting resistor R^) being interchanged . 

The neon pilot lamps L^ and L g bave thè following functions. The 
lamp indicates whether thè mains voltage is switched on, whereas 
L 2 shows whether thè relay is energized. In thè latter case thè 
mains voltage appears at thè plug sockets , whereas in thè non- 
energized condition thè mains voltage appears at thè sockets Jfg. 

The Circuit drawn in dashed lines provides for thè case that thè 
phototube is mounted at some distance from thè electronic switch, 
thè apparatus being used for example as a fi ame control. In 
this case provision must be made that a warning is given when a 
short-circuit occurs in thè long cable towards thè phototube. For 
thè "light" Circuit (flame control) this is ac hieved by means of 
thè neon pilot lamp L^ and in thè "dark" circuit (twilight switch) 
by means of thè neon pilot lamp Lg. If thè capacitance ' of thè 
cable is fairly large in thè "dark" circuit this can be compen- 
sated by reducing thè capacitance accordingly. 



Fig.39. Anode and starter volt¬ 
age of thè 5823. CL = leading 
phase angle, /5 = anode current 
angle. 


PHOTO-ELECTRIC RELAY 


Fig.40 shows thè lay-out of a simple a.c. fed photo-e 1ectric relay. 
Itcan be used in insta 11ations in whichan action has to take place 
as a consequence of thè appearance or disappearance of light. The 
operation of thè Circuit can be explained as follows. Assume that 
thè photo electric tube is not exposed to light, thus no current 
flows through resistor R ^. The control-grid voltage of thè PL2D21 
is now solely determined by thè voltage derived from thè potentio- 
meter R^: this voltage is in anti-phase with thè anode voltage. R ^ 
is so adjusted that thè tube does not ignite. 



When thè phototube is exposed to light a voltage drop with thè 
polarity indicated wilJ be produced across R ^. The control-grid 
o f thè PL2D21 will cònsequently becorae more positive,thè tube will 
ignite and relay Rei will be energized. Relay Rei has been shunted 
by capacitor C 2 . whilst a current-Jimiting series capacitor R g is 
al so included. 


A SIMPLE PHOTO-ELECTRIC RELAY 


The simple photo - e1ectric relay shown in Fig.41 may be used for 
counting objects in mass production, for automatic dooropening 
devices, for supervisinq manufacturing processes, etc. 


The supply transformer may be of thè type with primary tappinq as 
commonly used in radio receivers. 


The device is equipped with a 90 AV phototube, whilst thè magnetic 
relay is energized by an E 80 L pentode. The working point of thè 
latter tube can be adjusted by means of thè 50 kfì potentiometer. 


Fig.41. Circuit diagramof thè photo- 
electric relay with thè 90 AV. 



DELAYED-ACTION PHOTO-ELECTRIC RELAY 

Fig.42 shows thè lay-out of a 1ight-contro11 ed ( de1 ayed - action 
relay, which at dusk can switch on certain loads such as indoor 
or outdoor lighting, illuminated advertisements or landing beacons 






for aircraf t, and switch them off at daybreak. This simplé relay 
is a.c. fed via thè small transformer Tr , winding w ^ and w 2 o 1 
which feed thè phototube F and thè anode Circuit of thè PL2D21 
respectiveiy. The Circuit operates only during thè ha 1 f cycles in 
which thè right-hand ends of thè windings w^ and w 2 are positive. 


Fig. 42 . Photo-eleetric relay with delay 
Parts List: fl - ! mQ 

= 800 n 
B = 50 kO 

c| - 2 »T 

C 2 = 500 pF 

T = mains transformer 
r 

9 ì + W 2 = 220 V 
= 60 V 

» 3 = 6.3 V 

fìel: relay 15 kfl 



When thè phototube is exposed to light a voltage drop occurs 
across resistor fi , as a consequence of thè current flowing 
through thè phototube; thè voltage drop has thè polarity indicated 
in thè figure. As a result, thè thyratron is negatively biased, 
which prevents it from igniting. If, however, at dusk thè light 
falling on thè phototube decreases considerably and thè current 
through fì^ therefore becomes low, thè negative grid voltage of 
thè thyratron decreases accordingly. This causes thè tube to ig¬ 
nite, and current will commence to flow through thè heater of thè 
indirectly heated rectifier V . 

After a certain delay thè cathode of V will start to emit elec- 
trons so that thè tube will pass current and thè relay Rei is 
energized, thus closing thè external Circuit. The delay, caused 
by thè warming-up of thè cathode of V , results in thè relay being 
set in operation only by thè normal, graduai variations of thè 
lighting and not by incidental fluctuations which can be caused, 
for example, during thè day by aircraft or, at night, by lightning 
flas hes. 


PHOTO-ELECTRIC RELAY WITH PRE-AMPLIFIER 

The circuits described above may be too insensitive for igniting 
or extinguishing thè PL2D21. This difficulty can be overcome by 
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Fig.43. Circuit dia- 
gram ofa photo-elec- 
tric relay wìth pre- 
amp1ifie r. 



using a relay in combination with a pre-amplifier. Such a circuit 
is shown in Fig.43. When thè phototube is exposed to light thè 
grid of thè pentode E 80 F becomes less negative so that thè 
output voltage of thè bridge circuit formed by thè tube V and thè 
resistors flg, R g and R^ becomes negative, thè PL2D21 cannot ignite. 


However, as soon as thè beam of 1 
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ight directed towards thè photo¬ 
tube is interrupted. thè thy- 
r at ron ignit es . 

The screen-grid voltage of thè 
pre-amplifier tube V is s tab- 
ilized at 85 V by thè tube 
85 A 2; in this way thè circuit 
is practically independent of 
mains voltage fluctuations . 
Fig.44 shows a practical exam- 
ple of such a photo-electric 
relay. 

Fig.44. Photograph of thè 
photo-electric relay. 


PHOTO-ELECTRIC CONTROL 


By means of thè circuit shown in Fig.45 it is possible to maintain 
a physical quantity between two desired limits. For this purpose 
this quantity has to be converted into a correspond i ng luminous 



Fig.45. Circuit diagram of a photo-electric control with 
maximum and minimum ad J u s tm en t s . 
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intensity, which impinges on thè phototube T 2 * With this method 
very small currents, for exampie, can be kept Constant by means 
of a mirror galvanometer. 


The phototube is incorporated in a bridge Circuit (see Fig.46). 
one branch of which is formed by , a pentode pre-amp 1 ify i ng 
tube. The difference between thè voJtage across an< ^ that 

across thè upper part of thè potentiometer j i 

fi 2 is aopj ied as a negative bias to thè I _ 5^/2 

grids of thè two PL2D21 thyrat.rons T^ and 

. On this direct voJtage two aJ ternating 1 

voitages of different ampiitudes are super- 
imposed; these can be adjusted by B ^^ and 

and are fed to thè grids of T ^ and T 4 b d b 

respectiveJ y . R fij^ and fi ^ are so ad- _ 2 ® 5 ^ 

justed that, with light of average inten- 0 * * 

sity faJJing on thè phototube, thyratron Fig.46. The bridge cir- 

T 5 is ignited, whereas T 4 remains extin- cu 1 1 ° f Fig,45 ‘ 

guished (Fig.47). The positions of thè reiays incorporated in thè 
anode circuits of thè thyratronsare then as shown in Fig.45. In 
these positions thè externa] circuits AA ' and BE' are both inter- 


rupted. When thè intensity of thè light faJJing on thè phototube 
increases, thè negative grid voJtage of thè two thyratrons al so 
increases (verticaJ control), causinq T 5 to. extinguish and circuit 



Fig.47. Anode suppiy voitage 
and grid voitages of thè thy¬ 
ratrons T^ and of Fig.45 at 

an average illumination of thè 
phototube T^. 


BB' to be cJosed.When thè Juminous in¬ 
tensity decreases, thè bias of thè thy¬ 
ratrons also decreases,and T 4 wiJJ a]so 
ignite, causing thè circuit AA ' to be 
cJosed. To counteract thè variation of 
thè quantity which is to be kept Con¬ 
stant, it is possibJe to incorporate, 
for exampJe.a heating eJement,eJ ectro- 
magnets or a motor with two directions 
of rotation in thè circuits A A' and BB ' . 
To prevent thè circuit from reacting 
to momentaryvariations in thè Jighting, 
a de]ay circuit is incorporated in thè 
grid network of thè E 80 F. This con- 
sists of an RC fiJter, thè t ime Con¬ 
stant of which is variable in five 
steps , viz.O, I /2 * 3, 12, 24 sec. 


COLOUR DENS1TY AND BRIGHTNESS CONTROL DEVICE 

When in print ing offices, in thè textile or in thè Chemical i n - 
dustries colouring-mat ter or dyes are produced or used, it is as 
a rule necessary to ensure that thè density and brightness of thè 
colours are not subject to any noticeable differences. £ven when 
thè processes are supervised by an expert, thè occurrence of such 
differences cannot be avoided, due to fatigue of thè eyes. For 
this reason an electronic control device has been developed by 
means of which thè densitv and brightness of thè colour involved 
are continuously compared with a reference sample. By using a 
bridge circuit, suppiy voitage fluctuations and variations of thè 
light source which is used have no effect whatsoever. The device 
has a very high sensitivity, and will detect minor differences 
between thè reference sample and thè sample to be tested. 


C IRCU IT DESCRIPTION 


Fig.48 shows thè Circuit diagram of thè control device. Two iden- 
tical phototubes ( P^ and P are used ; thè reflected light from 
thè reference sampje impinges on thè cathode of one phototube, 
whiist thè reflected light from thè sample. under test impinges on 
thè cathode of thè other phototube. Either blue-sensitive photo¬ 
tubes type 90 AV or red-sensitive phototubes type 90 CV shouid be 
used, according to thè purpose in view. The anodes of thè photo¬ 
tubes are connected to thè control grids of two special - qua]ity 
pentodes E 80 F. The cathodes of thè phototubes are fed with a 
direct voi tage of -85 V which is stabilized by means of a voi tage 
reference tube 85 A2. The load resistances are formed by thè grid 
leak resistors of thè two pentodes. These tubes are baianced by 
means of a 10 kfì potentiometer which is connected between their 
anode load resistors. The screen grids of thè pentodes are fed from 
a potentiaj divider, but their anodes are connected to thè 300 V 
supply voltage via 0.1 MQ resistorsand thè balancing potentiometer. 



phototubes and P ^ may be of thè 90 AV or of thè 

90 CV type. 

A centre zero microammeter with a range of 5,0-0-50 /*.A is connected 
between thè two anodes. This instrument is safeguarded against 
overloading by connecting biased germanium diodes OA 81 in both 
directions across its terminals . The bias voltages for these diodes 
are produced across 330 Q resistors included in thè anode circuits 
o f thè pentodes. 

The direct supplv voltage can be obtained by means of a selenium 
rectifier type SR 250 B 100 and a smoothing filtei 

OPERAT I ON 

The control device is first balanced by illuminating a sample with 
diffuse light, so that thè quantities of reflected light impinging 
on thè phototubes are equal. The same voltage drop will thus be 
produced across thè grid leak resistors of thè pentodes. Small 
differences between thè phototubes and thè pentodes can be com- 
pensated by means of thè potentiometer. Wh-en thè bridge is exactly 
balanced thè currents flowing through thè pentodes will be equal 
and thè same voltages will be produced across their anode load 






resistors, so that thè centre zero instrument will be in its 
neutral position. If thè control device is completely unbalanced 
there is no risk of thè instrument being overloaded; for in that 
case thè bias of one of thè germanium diodes will be exceeded, as 
a result of which it becomes conducting, limiting thè current 
which flows through thè instrument to a safe value. 



Fig.49. Set-up of themeasuring device. ; reference sampie, 

S^: sample under test, L: light source. 

After thè control device has been balanced, thè reference sample 
remains opposite one phototube, whereas thè sample under test is 
placed opposite thè other phototube, both samples being illumi- 
nated by thè same light source (see Fig.49). 

SENS IT IV ITY 

Due to a bridge Circuit being used, mains voltage fluctuations of 
± 10% have no influence and variations of thè light source will 
not affect thè measuring results either, since it illuminates both 
samples simultaneously. It is convenient to provide thè scale of 
thè instrument with reference marks which correspond to thè per- 
missible deviations of thè samples under test. 

A deflection of 50 will be obtained at a grid bias of 60 mV. 

Since thè grid leak has a value of 3.3 Mfi, this corresponds to a 

- fi 

variation of thè photo-electric current of 1.8 x 10 A, i.e. in 
thè case of thè phototube 90 CV a variation of thè luminous flux 
of approximately 1.8 x 10.’^ lumen will stili give a clear re ad ing. 

MEASURING EXPOSURE TIMES OF CAMERAS 
INTRODUCTION 

It is only by electronic methods that is has become possible 
to measure exposure times of cameras. These methods were until 
recentiy usua]1y based on one of thè following two principles. 

(a) Integration method 

According to this method a beam of light passes through thè photo- 
graphic shutter and impinges on a phototube. The resulting photo- 
electric current, which is obviously proportional to thè luminous 
flux transmitted by thè shutter, is used for charging or discharg- 
ing a capacitor. The actual exposure time can be evaluated from 
thè ratio of thè voitages across thè capacitor before and after 
thè shutter has been operated. 

This method has thè disadvantage of being impracticable for meas¬ 
uring extremely short exposure times. It is, moreover, a quan¬ 
titative measurement which depends on various factors such as thè 
luminous flux of thè light source, thè sensitivity of thè photo- 
electric celi and thè supply voltages. Calibratioh is rather dif- 
ficult and requires a standard shutter thè exact exposure times 
of which are known. 



(b) Oscillograph method 

This method differs from that described under (a) in that thè 
voltage across thè phototube is displayed by a cathode-ray osci]- 
Joscope. By modulating thè electron beam of thè cathode-ray tube 
with a known frequency a time reference is obtained, so that it is 
possible to ascertain thè operation of thè shutter as a function 
of time with great accuracy. 

Very good results are obtained by this method, which al so gives 
information on thè exact variation of thè luminous intensity Dassed 
by thè shutter. The main disadvantage is, however, that its use is 
restricted to laboratories because thè image displayed on thè 
cathode-ray tube must be photographed to be studied. 

In this paper a third method is discussed. Use is made of thè 
d ecad e counter equipped with E IT counter tubes. Ac co r din g t o 
this method thè exposure time is indicated directly by thè E1T 
decade counter tubes. The instai 1ation offers thè particular 
advantage of being very simple, so that it can be used in thè 
workshop for checking caraeras duringmass product ion.Its calibration 
by means of a stopwatch is extremely simple. 

PRINC IPLE OF OPERATION 

Fig. 50 shows thè principle of operation of this method. The light 
emitted by thè light source S is projected on thè film gate of thè 
camera P via condenser lens L. For checking focal piane shutters a 
special diaphragm D, which is dealt with later, must be fitted 
against thè fiJm gate. The light transmitted by thè shutter im- 
pinges on thè phototube T, which Controls thè gating ciicuit G to 
which thè osci!1ator 0, producing a signal of a known frequency,is 
al so connec ted. 



Fig.50. Set-up of thè measuring equipment forcamera shutters. 
S: light source, L: condenser lens, D: special diaphragm for 
measurin'g focal pian e shutters, P : camera, T; phototube, 
G: gating Circuit, 0: oscillator, C: decade counter. 


So long as no light is transmitted by thè shutter, no photo- 
e]ec t ric current is produced by thè phototube and thè gating 
Circuit prevents thè oscillator signal from being applied to thè 
decade counter C, but when thè shutter is opened so that thè 
phototube is illuminated, thè gating Circuit passes thè counting 
pulses produced by thè oscillator to thè decade counter, which 
starts to register thè number of pulses applied. If thè oscillator 
produces a signal of 10 000 c/s thè counter wi11 indicate thè 
exposure time in ten-1housandths of a second . 

The accuracy of -this method is extremely high, variations of thè 
light source and mains voltage fluctuations having no effect 
whatsoever. This is due to thè fact that thè device does not react 
to thè amplitude of thè signal but to thè absence or presence of 
thè photo-electric current. 





In thè first instance thè accuracy depends on thè constancy of thè 
osci]1ator frequency, which can easily he kept within 2 %. This 
f requency can, moreover, be checked with great accuracy in thè 
following, very siraple manner by means of a stopwatch. The camera 
shutter is opened during a fairly long period, for example 50 sec. 
to reduce thè error which is introduced by inaccurate readingof thè 
stopwatch. When thè osci!lator has been correctly adjusted, so 
that it operates at exactly 10 000 c/s, thè decade counter will 
indicate thè number 500 000. 

Due to thè fact that only compiete counting pulses are registered 
by thè decade counter, there may be an inaccuracy of plus or minus 
half a cycle. When very short exposure times must be determined 
with great accuracy it may therefore be advantageous to choose 
a somewhat higher osci!1ator frequency of, say, 20 000 c/s to 
30 000 c/s. 

CONSTRUCTIONAL DETAILS 
Ch ecki ng fo cai pi an e shutters 

As previously mentioned, a special diaphragm must be used for 
checking focal piane "shutters. In order to measure thè expofure 
time at a given point in thè focal piane this diaphragm should be 
provided with a very narrow slot which must be exactly parallel to 
thè slot of thè shutter. 



F i g. 51 • In fluence o f thè width d ^ of thè slot of thè dia¬ 
phragm D on thè accuracy of thè measurement. F represents 
thè focal piane shutter and d ^ its slot. : actual exposure 

time of an elemental area of thè film, T : measured exposure 

m 

time, T : value of thè measured exposure time if no thre- 
max r 

shóld (hatched area) were present. 

This may be exp]ained by means of Fig.51. F denotes thè focal piane 
shutter which is assumed to trave! to thè :‘qht and D represents 
thè diaphragm. The interval during which li ah passes through thè 
siots is given by thè expression: 

T max = + d D )/v 

where v denotes thè rate of travel of thè focal piane shutter, 
d p is thè width of thè slot of thè shutter and d D that of thè 
diaphragm. The actual exposure time of an elemental area of thè 
film is on thè other hand: 


T a = d F /v. 

Since thè photo-electric current I must exceed a certain leve! to 
operate thè gating Circuit, there wiJl be a threshold below which 
thè counting pulses produced by thè osci!J ator are not passed by 





thè gating circuit and thè decade counter remains inoperative 
(hatched areas in FigsSlb and 5ld) , although some light passes 
through thè two slots. 

When dp is made equa! to dp (Fig.Sla), thè situation represented in 
Fig.Siòwill arise. The quantity o f light transmitted,and thus a] so 
thè photo-electric current I, will gradually increase unti! thè 
two siots coincide, after which this current gradua]]y drops back 
to ^ero. Depending on thè threshold value, thè measured exposure 
time T may therefore range from almost T i.e. twice thè actual 
exposure time T Ql to zero, so that thè results are infJuenced to a 
large extent by conditions such as thè luminous flux of thè light 
source, thè sensitivity of thè phototube and thè adjustment of thè 
gating circuit. 

The slot of thè diaphragm should therefore be made no wider than 
necessary to ensure that a photo-electric current of sufficient 
strength is produced to control thè gating circuit. 

This situation is represented in FigsSlc and 51d, where dp = 
1/10 dp. The photo-electric current I now rises to a value ex- 
ceeding thè threshold value and remains constant during an interva] 
(dp - dp)/v, after which it drops back to zero. The extreme limits 
between which thè measured exposure time T w may range are now much 
narrower. namely T max = 1.1 T Q and 7 min =0.9 T Q . thè dependence 
on thè threshold value being greatly reduced. 

Particular care should be taken to ensure that thè slots run truly 
paraliel, since an obliquely mounted diaphragm corresponds to a 
slot having a greater effective width. For this reason there is 
little point in making thè slot any narrower than is consistent 
with thè accuracy with which thè diaphragm can be applied to thè 
camera, nor should thè slot be made any longer than necessary for 
t ransmitting thè required quantity of light. 

Good results were obtained with a diaphragm having a slot of 
0.1 mm x 10 mm. The quantity of light impinging on thè phototube 
proved to be sufficient to operate thè gating circuit, a Photolita 
lamp type SM 250 W with condenser lens being used. The phototube 
should be mounted dose to thè camera and provision must be made 
to prevent dispersed light from impinging on thè photocathode . 
A phototube type 90 AV was used, thè sensitivity curve of which is 
in good agreement with thè spectral distribution curve of thè 
Photolita lamp. (To increase thè sensitivity it is not permissible 
to use a gas-filled phototube, since as a result of its deionisa- 
tion time difficulties would then be experienced when very short 
exposure times are measured.) 

A convenient way of producing a diaphragm with a narrow slot is to 
cement two suitable razor blades by means of an adhesive such as 
"Arai dite" on to a glass piate under a microscope. This having 
been done, a second glass piate is cemented on to thè piate with 
thè blades to prevent them from oxidizing. Care should be taken 
that thè blades are well cleaned and that thè edges are smooth and 
undamaged. Since thè speed of travel of a foca! piane shutter is 
not as a rule uniform, thè measurement should be carried out at thè 
centre of thè film gate. 

Checking pivoted biade shutters 

Since no diaphragm is required in this case, thè light source 
should be reduced to prevent thè gating circuit from being over- 



loaded, The film gate of thè camera should be illuminated in its 
entirety and thè diaphragm of thè camera should be kept at a 
medium position, so that an average of thè actual exposure time is 
measu red. 


CIRCUIT DIAGRAM 

Fig.5 2 shows thè Circuit diagram of thè gatìng Circuit and thè 
ose il lator. 



Fig.52. Circuit diagram of thè gating Circuit 


COMPONENT VALUES 

a = 2.2 mQ. 1/4 w 

J? 2 = 15 kfì, 3 W 

« 3 = 8 .2 kfì, 1 W 

fi, - 150 fi. 1/4 W 

= 0. 33 Mfi. 1/4 W 

R g = 22 kfì. 1 W 

B = 39 kfì, 1/4 W 

R g = 10 kfì. 1/4 W 


R g = 3 .3 kfì, 1 W 

R 1Q = 3 .3 kfì, 1 W 

R u = 0.22 Mfl, 1/4 W 

^12 = 20 kfì.carbon 

R 13 = 1 .2 kfì, 1 W 

R., = 0.22 Mfì, 1/4 W 

14 

R 15 = 3 .9 kfì, 3 w 

R= 10 kfì, ca r bon 


and multivibrator. 


C = 25 wF, 300 V 

C 2 = 3-30 pF 
Cg = 100 pF 

C 4 = 100 pF 

C 5 = 3-30 pF 
C g = 100 ix? 

C = 470 pF 


In thè gating Circuit thè phototube 90 AV is connected to thè 
control grid of thè E 83 F pentode so that thè control grid of thè 
pentode becomes less negative and thè counter starts to operate 
when thè phototube is illuminated. In order to ensure that thè 
gating tube is cut off when thè light is in tercepted,an additional 
negative grid bias is applied. This bias is derived from a recti- 
fying Circuit formed by thè filament voltage transformer (6.3 V) 
and incorporating a germanium diode OA 85. The point at which thè 
E 83 F becomes conducting and thè counter starts to operate can be 
adjusted by means of thè potentiometer 

A multivibrator eguipped with a doublé triode E 90 CC acts as time 
unit. The frequency of thè multivibrator is preset to 10 000»c/s 
by means of thè air trimmers C 2 Q nd C ^: for thè fine adjust- 
ment thè potentiometer R ±2 ^ as ^ een provided, by means of which 
thè freguency can be varied within a range of + 250 c/s. 

The gating Circuit is modulated by applying thè al ternating voi t age 
produced by thè multivibrator to thè suppressor grid of thè E 83 F 
via thè capacitor Cj . When this tube is conducting thè differen- 
tiated square-wave voltage produced at its anode is applied to thè 
first decade counter tube E IT via thè pulse shaper. 






THE 90 AV IN A PHOTO-ELECTRIC ILLUMINATION METER 


In photoqraphv it is often desirable to know thè required exposure 
time of films that must be printed. The device,thè circuit diagram 
of which is qiven in Fig.53, may be an expedient for that purpose. 
The circuit is equipped with thè phototube 90 AV, which is mounted 
behind thè negative so that it can be made to face thè densest 
parts of it. 



Initially thè switch S^ is opened and is closed. The right sec- 
tion of thè E 90 CC is now conductive and thè left section cu t off. 

In order to mak e thè exposure, is opened, whilst at thè sanie 
time Si is closed. As a result thè lamp La is switched on and thè 
phototube is illuminated. Gradually C^ i s charged by thè current 
flowing through thè phototube, so that thè grid of thè left sec¬ 
tion of thè E 90 CC becomes more positive. Finally this section 
becomes conductive, thereby cutting off thè right section. As a 
result, thè relay cuts out and thè lamp La extinguishes. At thè 
some time a second contact of thè relay connects thè grid of thè 
left section of thè E 90 CC to thè positive supply voltage.The ex¬ 
posure cycle has now ended, thè initial state being re - estab 1 ished 
by opening and closing 82 * 

Provision is made for adapting thè exposure time to thè distance 
of thè light source during enlarging and to thè properties 01 thè 
photo-sensitive paper. With switch Sg in position 1 and a luminous 
intensity of 60 Lux on thè phototube thè exposure time is 0.5 sec. 

When S.g is set in position 5 thè exposure time amounts to 5 sec. 

The insulation resistance between thè grid and thè cathode of thè 
F 90 CC is so large that at reduced illumination exposure times of 
100 sec can be realized. 

PHOTO-ELECTRIC ILLUMINATION REGULATOR WITH THE 90 CV 

In rooms where thè illumination should be kept Constant and there- 
fore be independent of ambient illumination, thè circuit described 
below may be of advantage. In thè circuit a 90 CV phototube Con¬ 
trols thè intensity of thè artificial lighting, which may consist 
either of incandescent or fluorescent lamps. 

The circuit diagram of thè regulator is shown in Fig.54. 
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Fig.54. Circuit of an installation for automatical1y con- 
trolling thè illuraination level of fluorescent lampa, de - 
pending on thè day-light. T ^ and are two PI. 55 57 thyra- 
trons connected in inverse parallela 


The illumination is measured by thè phototube 90 CV. which should 
be mounted at a suitable point. This phototube Controls a d.c. am - 
plifier equipped with an E 80 F pentode in grounded-anode circuit. 
The voltage variations produced across thè cathode resistor R^ are 
in phase with thè variations of thè input voltage; since, however, 
thè two voltages have opposite effects on thè grid circuit of tube 
V^ t thè negative feedback obtained is so heavy that thè gain of 
this tube becomes smaller than unity. This is obviously a dis- 
advantage, but thè high input resistance of thè circuit is in this 
way changed into a low output resistance, and thè heavy negative 
feedback moreover ensures an extremely high stability. 

The output voltage of tube V ^ is applied to thè E 80 L output 
pentode Vg- The d.c. windings of two saturab 1 e-core reactors L ^ 
and L 2 are included in thè anode circuit of this tube, so that 


Fig.55. Current Ifj flowing through th« 
lamps as a function of thè premagnetis* 
ina current I T . 



these reactors can he premagnetised. Their a.c. windings are con- 
nected in series in opposed directions toprevent alternating volt- 
ages being induced in thè d.c. circuit.The saturab1 e - core reactors 
form part of a phase-shifting network consisting of resistors and 
induc t o r s. 

The peaking transformer Tr^ is connected to thè output of this net¬ 
work, so that, at thè transformer secondary, voltage pulses are 
produced thè phase of which can be varied with respect to that 
of thè supply voltage by varying thè premagnetising current and 
thereby thè inductance of thè reactors. In this way thè current 
I fi flowing through thè fluorescent lamps is controlled according 
to thè premagnetising current of thè reactors, as shown in thè 
g raph o f Fig .5 5 . 

When thè daylight decreases at dusk, thecurrent flowing through 
thè phototube F also decreases, so that thè grid of V^becomes less 
negative. The cathode current of this tube then increases, so that 
thè grid of V ^ also becomes less negative, and its anode current - 
and hence also thè premagnetising current through thè reactors - 
increases. This results in an increase of thè current flowing 
through thè lamps according to thè graph of Fig. 55 . 



Fig. 56. Experimen tal apparatus accord¬ 
ing to thè circuit shown in Fig.54. 


Fig.56 depicts thè chassis of an installation constructed on these 
lines. The saturab 1 e-core reactors and ^3 are provided with 
cores consisting of special transformer laminations containing 50% 
nickel. The d.c.winding consists of 5000 turns of copper wire with 
a diameter of 0.15 mm and thè a.c. winding of 1300 turns of copper 
wire with a diameter of 0.12 mm. Transformer Tr^ has a core of 
mu-metal; its primary consists of 900 turns of copper wire with a 
diameter of 0.1 mm and its secondary of 2 x 1500 turns of copper 
wire having thè same diameter. 





Pi SMOKE DETECTOR 




Where fuel ìs both scorce and expensive thè utmost economy in its 
use is required ( but when looking around in an industriai centre 
it can be seen that precious fuel is recklessly blo.wn into thè 
air by a large number of smoking factory stacks. 

This waste can easily be stopped by installing a phototube 
smoke detector. In a small factory where only one engine-man cum 
stoker was employed, thè savings on thè fuel bill, after thè in¬ 
stallati on of a smoke detector, amounted to £ 80,- monthly. 


The smoke detector is a si ni pie device. A light projector and a 
phototube are mounted opposite each other in thè funnel uptake 
or thè chimney stack. The phototube commands a relay by means 
of a sensitive relay amplifier, which may be arranged according 
to Fig.62. When thè light beam is partly or wholly intercepted 
by smoke, thè relay closes and operates a buzzer, warning thè man 
in charge to look after his fire. The phototube and thè light pro¬ 
jector are mounted in separate housings as shown in Fig.58 and 59. 
These housings are described in some detail because they are also 
very useful in other applications where thè phototube and thè 
exciter lamp are used outdoors or in a humid atmosphere. Provided 
sufficient care is taken in thè mounting and assembly, they can 
even be used under water. 


Fig. 57 . Phototube amplifier for smoke detector 
with phototube receiver and light projector. 




In one of thè housings thè phototube is mounted on a circular 
piate of plexi-glass, thè diameter of which is 0.5 mm greater than 
thè inner diameter of thè housings. A slit is cut in this piate 
as shown in Fig.58. The sockets for thè phototube base pins are 
placed on either side of thè slit, which ensures a long insulating 
distance. Both sides of thè slit can be pressed together so that 
thè piate fits into thè housing and is secured by its own res.i- 
1 ìence. 
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remo 


j for thè incandes- 
material, which is 


means o 


spring loading. The lamp can be adjusted by means ot nuts, and 
after adjustment thè spirai springs keep thè fitting in thè right 
position. The hood of thè housing is provided with a window in 
which a 1ens or a glass piate can be mounted. Watertight closing 
is ensured by means of a rubber packing. The hood is fitted on thè 
housing with a ring nut, and a rubber ring in thè rim ensures 
wa t er tigh t nes s . 







































In a pJexi-glass cube hoJes are drilled as indicated in thè 
drawing, and hose pillars can be glued to thè sides. A screw cap 
contains a coiJ wound on a piastic or plexi-glass tube, fitted in- 
to thè screw cap with a watertight joint. The pluq controlling thè 
liguid flow can move up and down in this tube, which is provided 
w^i th grooves on thè inner side to let thè liguid pass. The plug is 
made of a plexi-glass rod, in thè top of which an axial hole is 
drilled to take a loose iron core. The hole is plugged at thè top. 
When thè coil is energized thè core is attracted, moves upwards 
and opens thè valve suddenly, whilst, when thè current in thè coil 
is interrupted, thè core drops, thè valve is closed and thè liquid 
flow s topped. 

In some cases thè liquid may be too clear to give sufficient re- 
duction of illumination on thè phototube. It is then advisable to 
use a floating opaque body intercepting thè light completely. 

The relay-tube switching apparatus aspreviously described is suit- 
able for operating thè valvefsee Fig.62). 

A PHOTOTUBE AMPLIFIER FOR AUTOMATIC REGI STER CONTROL 

In several plants, machinery is used for printing in two or more 
colours on paper or on textiles; for cutting, folding or gluing 
already printed paper to bags or wrappings. The material is fed 
into such machinery from a big roll, and because of irregular 
drying thè material is stretched in some places, whilst in others 
it has shrunk. Due to these irregu1arities in thè material thè 
machine does not always come into operation at thè right instant 
and this results in part of thè production being lost through 
misprints or miscuttings. 

If low-speed machines are used manual control is possible, but in 
modern high-speed machinery with a production rate up to one 
thousand items per minute, manual control is too slow in responding 
to thè process; so large parts of thè production have to be dis- 
carded and materials and time have been lost, while thè selection 
of g^ood and bad products demands extra labour. The electronic 
register control apparatus described here is fully capable of 
controlling high-speed machinery. As distinct from thè usuai 
apparatus for register control, this circuit uses only high-vacuum 
tubes; neither gas-filled tubes nor their additional electro- 
magnetic relays are employed. Instead of thè latter, use is made 
of doublé triodes in Ecc1es-Jordan circuits. 

GENERAL DESCRIPTION 

The requirements to be met by equipment for automatic register 
control may be formulated as follows: 

If thè materi-al has stretched, thè speed at which it is fed into 
thè machine must be accelerated. If thè material has shrunk, thè 
speed must be decelerated. If thè material is normal, it must 
move with normal speed. 

It is practically impossible to control thè speed of a power fui 
main motor within thè time limits concerned. Only a motor with a 
small rotating mass can be sufficiently controlled in thè time 
available. Theref ore thè main motor driving thè rollers and thè 
press runs at normal speed and is coupled to thè machine by means 
of a transmission gear and to thè rollers via a differential gear. 



The construction of sueh a differential gear is schematically 
shown in Fig . 6 5 . 

The two gears A, B are locked on their respective shafts Af, E, 
which can rotate independent1y of each other in bearings G and K 
of a wormwheel T and a mounting trame F . The pinion C and its 
shaft can rotate on a hearing in thè f rame F. Suppose that under 
thèse conditions thè fra me F is held statìonary, while thè shaft M 
is driven by thè main motor. The motion of gear A then causes thè 
pinion C to rotate and so thè gear B is set in motion in thè 
opposite direction of thè gear A. but with egual speed, thè number 
of teeth on both gears being thè same (If rotation in egual 
direction is desired, supplementar / gears can set another shaft 
in motion.) 



If, now, thè shaft E is kept stationary, then rotation of shaft Af 
would cause frame F and wormwheel T to rotate in thè same direc¬ 
tion with half thè speed of Af if thè worm W were decoupled. 
On thè other hand, if thè shaft Af rotates - and , by means of an 
auxiliary motor, shaft W is rotated in such a way that T rotates 
in thè same direction with half thè speed of Af, then thè shaft E 
is stationary, whilst, if rotation of shaft W sets T in motion 
in opposite direction as Af with half its speed, thè speed of 
shaft E is twice thè speed of Af in opposite direction. 

The automatic register control described here is based on this 
property of a differential gear. For thè relatively small errors 
as originate from shrinking and stretching of thè material, it is 
not necessary that thè wormwheel T is rotated at such a speed 
that thè shaft E is completely stoppedor that its speed is doub1 ed. 
It will suffice to increase or decrease thè rotational speed 
of E by a small percentage. Therefore T may be driven by a 
wormshaft connected to thè auxiliary motor by means of a re- 
duction gear. The auxiliary motor can be small and of 1ow power. 

Such a motor can easily be set in motion. stopped or made to 

* 

r everse. 

The auxiliary motor is a d.c. motor with two field coilswound in 
opposite directions. If one of thè field coils is excited, thè 
motor rotates in one direction, if thè other field coil is excited 








thè direction of rotation is reversed. The field excitation is 
supplied by thè electronic control unit. The schematic diagram of 
thè machine is shown in Fig.66. 




Fig.67. Details of thè rotary 
switch S of Fig. 57. 


Fig.66. Schema tic diagram of re - 
gister con trolled machine. 


The material IV is fed into thè operational part 0 of thè machine 
by thè roller. Marking spots T are printed on thè material, but 
a significant part of thè design can do just as we11. 

The machine is driven by thè main motor MM via a reduction gear G . 
A fibre disc F operating thè switch S and thè magnetic pick-up M 
is mounfed on thè driving shaft of thè machine. Since thè switch S 
has to be closed and opened at a rate of up to 1000 timer- per 
minute, any normal switch would have to be replaced once a week. 
Therefore a special construction is necessary, thè details of which 
are shown in Fig 67. The fibre disc has a copper strip R on part 
of its circumferenee. The switch is formed by two carbon brushes 
and is closed when both brushes are connected via thè copper strip. 
In thè disc is an iron pin I serving to excite thè magnetic pick- 
up. 

The driving shaft drives thè roller via some pinions and thè 
differential gear box D. The speed of thè roller can be controlled 
by thè auxiliary motor A. The field coils of this motor are excited 
by thè electronic register control unit CU, this obtaining its 
commanding signals from thè phototube P and from thè magnetic 
pick-up M , whilst it is brought into thè control position by 
thè switch S. 

Fig.68isa simplified diagram of thè electronic part. This consists 
of a phototube, a magnetic pick-up, thè p r e - amp 1 i f i e r s P and Af, 
two doublé triodes E 80 CC (V^ and V connected in monostable 
Ecc1 es-Jordan circuits. thè so-called flip-flop circuits and 










two doublé triodes E80CC {V^ and V y y) connected in bistable 
Ecc 1 es-Jordan circuits. Furthermore, there are two tubes E 80 CC 
(Vg and F^) connected in a bridge Circuit, whilst thè final stage 
V 7 + % and ^14 + 15 1S c 0 u P 1 ed to thè bridge circuit via a doublé 
diode 5726, F 3 . The automatic register control may now be ex- 
plained with thè aid of thè figures 66 , 67, 68 and thè circuit 
diagram, Fig.79. On thè material W in Fig .66 marking dots T are 
printed. When these dots pass under thè photòtube thè latter gives 
a signal to thè control grid of thè pre - amp1ifier . This amplifier 
is connected in such a way that a positive signal from thè photo- 
tube results in a negative pulse on thè grid of thè conductive 



Fig.69• The electronic part of thè register control appara- 
tus. Le f t: thè elect ronic con trol apparatus; middle : thè 

phototube amplifier; right: thè scanner. In thè foreground a 
colour printed blanket; note thè marking spot(the dark stripe 
on thè r i gh t side).. 


section of V 4 and causes thè flip-flop to reverse. Where F 4 has 
only one stable position it returns to thè initial state imme - 
diately, but in thè meantime it causes V^ to reverse, and since 
thè latter has two stable positions it stays reversed. A similar 
explanation applies to thè magnetic pick-up amplifier, to thè 
flip-flop V^q and to V-q . 

The closing of switch S brings F 3 and V 1 ^ into thè initial po¬ 
sition and keeps them there, no matter what stray signals might 
excite their grids. This arrangement blocks thè electronic part 
during thè greater part of a revolution of thè main shaft and 
a "dead zone" is provided. Only when thè marking spot Comes in thè 
vicinity of thè phototube, thè switch is opened and V 3 and V^^ 
can reverse. If no provisions are made for a dead zone thè 
machine can successively run at too high a speed, then at too 
low a speedand so on, this phenomenon being called "hunting . The 
doublé triodes Fg and F in t ^ ìe bridge circuit are connected to 
V g and F. The grid of thè first section of Fg is connected to thè 


grid of thè conductive part of V^ and thè grid of thè second 
section to thè grid of thè non-conductive part of V . The grids 
of V ±2 are connecte d t o t^e reraaining sections V ^ and V . 

The anodes of both sections of Vg and V^ are connectedin parallel 
and fed via thè potentiometers Pg and . In thè initial position, 
fhe two potentiometers carry equal currents and thè circuit is in 
balance. The control grids of thè power tubes are connected to 
thè potentiometers via a doublé diode in such a way that only 
positive signals can excite thè final stage. 

After this description of thè mechanical and electronic parts thè 
working oftheentire apparatus can be explained. The magnetic pick- 
up is excited by thè iron pin in thè fibre disc, which at thè same 
time operates thè switch S. Both thè pin and thè switch are con¬ 
nected to thè operating part of thè machine and thus all three run 
synchronously. 


The phototube is placed in such a position above thè material 
that thè mcrking spots pass at exactly thè same moment that thè 
magnetic pick-up gives a negative pulse to its corresponding 
amplifier. If thè material is normal thè mark passes thè photo¬ 
tube at thè same moment that thè pulse from thè magnetic pick-up 
is passed to thè amplifier; so V 4 and V ■) q receive a negative pulse 
they reverse and fall back in their initial position. Because thè 
switch S has already been opened a short time beforehand, V ^ and 
V are released and thè reversai of V 4 and V^i ca uses V ^ and V" ^ 
to reverse. Vg, ^H* ^6 and ^ 12 ^ave one cat hode resistor in 
common, thè inte reonnected grids being equally biased. Vg and V^2 
are in balance when V g and V ^ are in thè initial condition. If 
both doublé triodes reverse simultaneously, thè balance of Vg 
and V ±2 LS not disturbed and thè grids of thè final stage are not 
excit ed. 


If thè material has shrunk or stretched, howeve r, then thè signals 
from thè phototube and thè magnetic pick-up reach thè grids of one 
of thè amplifiers. If shrunken material passes, thè phototube 
signal comes first and thè grid of Vy + g is excited, whilst in thè 
case of stretched material thè phototube signal is delayed and thè 
magnetic pick-up signal comes first, exciting thè grids of ^^ 4 +^ 5 - 
Suppose thè material has shrunk, then thè phototube signal causes 
V^ to reverse, V g reverses and Vg is completely blocked, whilst 
both sections of thè doublé triode V^2 ^ ecome conductive. The 
bridge circuit is then out of balance, so that a positive pulse 
is applied via thè diode to thè control grid of Vy + g . resulting 
in thè corresponding field coil of thè auxiliary motor being excited 
and thè motor rotating in such a way that thè rollers are slowed 
down. After a short time has elapsed thè signal of thè magnetic 
pick-up comes in and V ^ q and V^ reverse. The balance in thè 
bridge circuit is restored and thè voltage on thè control grid 
of V ^ + g leaks away over thè grid resistor. (This is one of thè 
reasons why a diode is employed.) The auxiliary motor slows down 
but in due course thè next signal comes through and thè auxiliary 
motor is accelerated again. 

If thè,material has stretched, thè signal from thè phototube is 
delayed. In this case thè magnetic pick-up signal comes first and 
a similar explanation as given above applies, with thè result 
that thè control grid of V 14+15 is excited and thè auxiliary 
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motor rotates in thè opposite direction, accelerating thè speed 
o f thè roJJers. 

As a rule thè error in thè materia] is uniform over comparative]y 
long distances. Therefore, HC filters with a large time Constant 
may be employed in thè grid circuits of thè final stage, while 
thè field coils of thè auxil iary motor may be shunted by a capa¬ 
ci tor. The resu] t is that thè motor rorates wi th nearly Constant 
speed for thè whoie of thè time during which correction is re- 
quired. The speed depends on thè duration of thè pulses in thè 
bridge Circuit. If there is only a smal] interva] between thè 
arrivai of thè signals from thè phototube and thè magnetic pick- 
up, thè pulses are weak. The longer thè interval, thè stronger thè 
pulses. The decrease in negative grid bias of thè power tubes, and 
therefore thè current in thè field coils, is proportional to thè 
duration of thè pulses. The peak value of thè pulses depends on 
their duration; their influence on thè final stage can be control- 
led by means of thè potentiometers in thè bridge circuit. 

CIRCUIT, DESCRIPTION 

The electronic register control apparatus operates with reflected 
light on thè phototubes. Since thè surface of thè material is not 
always fiat, which causes straying of thè reflected beam of light, 
two phototubes are employed in thè scanner. If only one phototube 
were used, thè straying would cause errors in thè reading of 
thè phototube. The scanner employed here safeguards thè instai- 
lation against these errors. 
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F i g . 7 0 . Th e scanner (right) and thè phototube ampli f:e r opened, 

In thè scanner thè two phototubes are mounted very near to each 
other and thè beam of light from thè exciter lamp passes between. 
The lamp is placed in thè back part of thè box (see Fig.70) and 
is screened from thè phototube compartment. The inner sides of thè 
scanner are painted dull black. There is a hole in thè screen fot 
thè light beam to pass, and a lens is applied just in front of 
this hole in thè phototube compartment, The beam oflight can be 
focusedon thè ma terial by means of this lens and it can be adjusted 



by a screw on top of thè scanner. A phótograph of thè complete 
outfit is given in Fig.69 (see also schematic diagram of thè 
electronic part Fig.68). 

The cabinet at thè left contains thè magnetic pick-up amplifier, 
thè flip-flop circuits ( thè final stage and two supply units (see 
Figs. 74 and 75). The other cabinet contains thè phototube am- 
plifier with supply unit and thè rectifier for thè exciter lamp 
(see Figs 70 and 71) . 

The small box on thè right is thè scanner (see Fig.69). with thè 
screw for focusing thè light beam at thè top, and on thè left side 
of thè scanner, thè window through which thè light beam passes and 
thè reflected light enters. In thè foreground is a co1our-printed 
blanket, thè marking spot on which may be seen at thè right side 
( thè dark stripe) . 


THE PHOTOTUBE AMPLIFIER {Figs 71 and 72) 


The signal of thè phototubes is a positive pulse with a peak value 
of 8-15 mV, depending on thè contrast between marking spot and 
background. This signal has thè generai forni as represented in 
Fig.72a. Via a coupling capacitor C ^ and potentiometer P ^ it is 
applied to thè control grid of thè pre-amp1ifier tube E 80F (K^), 
at thè control grid of which thè pulse has thè shape of Fig.72jb. 



Fig.71. Under-chassis view of thè phototube amplifier. 


The E80F (V^ ) is connected normally and thè gain of this stage is 
approximately 180; so thè pulse arriving at thè control grid of 
thè E 80 F (V^) has a P eQ k value of approx. 1.5 V to 2.5 V. Since 
a negative pulse must be amplified, this second E 80 F tube operates 
without cathode bias, thus using thè steepest part of thè tube 
characteristic. Because of thè grid current through thè resistor 
thè control grid is biased slightly negatively. The pulse 
form on this control grid is shown in Fig.72c. After due a m - 
plification it reaches thè grid of thè first section of thè 
doublé triode E80CC in thè form of a positive pulse as shown 
in Fig.72d. To obtain a pulse with a steep leading edge, as is 
necessary to operate an Ecc1 es-Jordan flip-flop circuit, thè 
E 8 0 CC () is equipped with a cathode resistor P ^ of high value. 





adjustable between 4.7 and 14.7 kfì. In thè absence of a signal 
thè tube is in thè cut-off position, as a result of which inter- 
fering voltages due to coarse material remain below thè cut-off 
point of thè tube. The negative pulse reaching thè anode of 
section I of thè E 80 CC is applied to section II, which is con- 
nected as a cathode follower with high anode current. A negative 
pulse with steep leading edge and of a peak value between -60 V 
and -90V is thus applied to thè grid of thè conductive section 
of thè flip-flop No.1 (V^). 



The pulse form on thè cathode of 
thè cathode folJower is shown in 
Fig.72e, and Fig.72I shows thè 
form in which it reaches thè grid 
of thè flip-flop. Fig.72g shows 
thè form of thè pulse in thè anode 
Circuit of thè flip-flop, while 
due to thè small value of thè 
coupling capacitor C^.it excites 
thè doublé triode V^ in thè form 
of Fig.72h. 

The power supply unit is built 
on thè same chassis as thè ampli- 
fier. It has an entirely conven- 
tional Circuit, employing an 
EZ 80 as a full -wave rectifier. 
In addition to thè normal choke- 
capacitor smoothing arrangement, 
thè anode and screen-grid voit- 
ages of thè pre-amp 1 ifier tube 
and thèanode voltage of thè pho- 
totubes are further smoothed by 
Bj and C 5 ■ 

The anode voltage of thè photo- 
tubes is taken from a potential 
divider consisting of two wire- 
wound resistors R ^ and R ^ 

0.1 Mfì and 40 kfì respect^vely . 
It is necessary touse wire-wound 
resistors in thè phototube Cir¬ 
cuit, fcecause resistors of thè 
carbon type would introduce too 
much noise . 
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F i g . 7 3 . Osci 11o - 
grams.of thè mag- 
netic pick-up sig¬ 
nal. 


Fig .7 2. Oscillo - 
grams o f thè pho- 
to tu be signal. 


THE MAGNETIC PICK-UP AMPLIFIER 

The shape of thè voltage of thè magnetic pick-up 
approximates a sine curve with a peak value of 
about 5 V, thè negative haif cycle being used. 


One section of a doublé triode E 80 CC ( Vg ) i s 
used for amplification, whilst thè other triode 
section is used for producing a sguare wave form t . 
To obtain this result, cathode resistors of high value are em- 
ployed, so that both sections operate in thè bend of thè charac- 
teristic. 



The cathode resistor of thè first section is shunted by a capac¬ 
itar of 50 fi F. The second section has no by-pass capacitor across 
thè cathode resistor; so negative feedback is applied. 

In thè first section thè anode current is interrupted during part 
of thè negative half cycle of thè grid signa1 # and in thè anode 
Circuit a voltage with a square positive half cycle and a sinus- 
oidal negative half cycle appears . In thè second section thè 
positive square half cycle is amplified and thè negative half 
sine wave is cut off. A negative pulse with large amplitude is 
therefore applied to thè grid of thè flip-flop ( 7 ^ q ) . The pulse 
in thè anode Circuit of thè second section of this flip-flop is 
similar in shape to that in thè flip-flop 7^. The wave form in 
thè various stages of thè amplifier is shown in Fig.73a to e. 
The voltage gain of thè magnetic pick-up amplifier amounts to 
approx.18. 

THE FLIP-FLOP CIRCUIT 

The monostable flip-flop circuits of V^ and V ^g are identical and 
operate under similar conditions. The tubes employed are doublé 
triodes E 80 CC. The grid of thè conducting section has about thè 
same potential as thè cathode, whilst thè grid of thè non-con- 



Fig.74. Back vi e w of thè electronic control apparatus. 

ducting section is highly negative with respect to thè cathode. 
The grid resistors have such values that thè potential of thè 
grid of thè first section is about +56 V and that of thè second 
section about +20 V with respect to thè chassis. The potential of 
thè cathodes with respect to thè chassis is about +56 V. When 
thè conducting section of thè doublé triode is cut off by a nega¬ 
tive pulse on thè grid, thè anode voltage increases suddenly by 
approximately 130 V. A large positive pulse is therefore applied 
to thè grid of thè other section so that this becomes conducting. 


This results i;. a considerable voltage drop in its corresponding 
anode Circuit, so that via C ^ ^ a negative pulse reaches a common 
tap on thè anode load resistors of both sections of thè following 
bistable Eccles-Jordan Circuit. This negative pulse is passed on, 
via thè coupling resistors and capacitors, to thè grids. Since 
thè grid of thè non-conducting section is already negative, a 
negative pulse is of no influence. In thè conducting section, 
however, a negative pulse results in thè tube being suddenly cut 
off, thè anode voltage increases and thè grid of thè non-conducting 
section receives a positive pulse. The doublé triode reverses and, 
since thè positive peak of thè incoming pulse (see Fig.72h) is of 
no influence on such a Circuit,it remains reversed until thè 
grid of thè non-conducting section becomes positive by thè closing 
of switch S. When this switch closes, a positive voltage from thè 
supply unit reaches thè grid of thè non-conducting section via 
^42* ^34 an< * ^32' doublé triode V^ is returned to its originai 
state and remains so until thè switch opens again and thè commanding 
signal from thè phototube or thè magnetic pick-up reaches thè grid 
of thè conducting section of V^ or V±l m 

The sections of V^ and V , which are non-conducting in thè initial 
position, are shunted by a neon pilot lamp of thè type ZIO in series 
wit h a 0.5 Mfì resistor. When thè switch S is closed, thè signal 
lamps light up and show that thè doublé triodes and V are in 
thè initial position. Even thè opening of thè switch may not cause 
a reversai of V ^ and V ; so thè lamps remain burning. However, 
if a pulse passes through thè circuit, V ^ and V ^ ^ are reversed 
and thè pilot lamps are extinguished, 


The cathodes of V^ and ^ and of 
thè doublé triodes V g and V±2 °^ 
thè bridge Circuit are intercon- 
nected and have one common cath- 


resis to r P , 


This resistor 


may be of thè semi-adjustable 
type and is set at about 6 kfì. 


THE BRIDGE CIRCUIT 

The grids of thè doublé triodes 
of thè bridge Circuit are con- 
nected to thè grids of V^ and 
Vn in thè manner already des- 
cribed in thè General Description. 
In theinitial condition and when 
thè doublé triodes V^ and are 

both reversed,each of thè doublé 
triodes V g and V ±2 ^ as one con- 
ducting and one non-conducting 
section. The anode voitages are 
then 90 V. If only V^ or ^ are 
reversed, both sections of one 
of thè doublé triodes are in thè 
cut-off condition and thè other 



Fig.75. Under-chassis view of thè elee 
trenic control apparatus. 
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doublé triode has two conducting sections. The anode voltaqes of 
thè tube of which both sections are non-conducting rise to 270 V 
and thè voltage on thè conducting tube decreases to 75 V. The volt- 
aqe drop of 15 V is not important, but thè increase in anode voi t - 
aqe of thè cut-off doublé triode results in a pulse of max. 180 V 
peak value across thè potentiometer in thè corresponding anode 
Circuit. The duration of thè pulse is determined by thè ' ti me inter- 
val between thè arrivai of thè phototube and magnetic pick-up 
siqn als. 

T HE D I ODE C IRCU IT AND THE POWER STAGE 

Fig.76 is a schematic diagram of one half of thè bridge circuit, 
one half of thè doublé diode 5726 and a power tube with one of 
thè field coils of thè auxiliary motor in its anode Circuit. The 
voltage on thè capacitor between thè bridge circuit and thè diode 
depends on thè pulse duration. The shape of thè pulses is shown 



69547 

Fig.76. Diagram of ope half of thè bridge circuit. 

in Fig.77a, b and c, for a long, a medium and a short pulse, 
t h us for a large, a medium and a small error in thè material. 
Fig.77a' t b § and c' show thè pulse form on thè anode of thè diode, 
and thè charge of C , hence thè grid-voltage variation of thè 
final stage, is demonstrated by thè shape of a'', b'' and c''. 

As long as thè charge of thè capacitors is increasing, thè di ode 
is conducting, but as soon as thè balance in thè bridge circuit 
is restored, thè charge on C ^ 7 leaks away rapidly, while thè 
charge on leaks away slowly via ^ 37 - This has thè effect that 
thè pulses of thè doublé triodes V ^ and V ^ they are "trans 1 ated " 
to positive grid voltages. on thè power tubes, are already con- 
siderably smoothed. This smoothing is not sufficient, however. 
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Fig.77. Oscillogram of thè pulses in thè bridge circuit. 

The fault in materials is as a rule uniform over large parts of 
thè material; so when thè correcting signal is applied to thè 
power tubes, thè auxiliary motor driven by thè pulse does not run 
smoothly, but every time a pulse passes to thè power stage, thè 
armature is jerked, which causes heavy wear of thè differential. 




Therefore additional smoothing is required and this can be ob - 
tained by shunting thè field coils by electrolytic capacitors 
of values between 4 fiF and 50 fiF . This smoothing results in accumu- 
lation of a number of corrections, which saves maintenance cos t s. 
In thè experimental apparatus described bere adjustable grid re- 
sistors were used, but in various tests made with this outfit 
it proved that maximum value for these resistors always gave thè 
best results. So in thè definite form thè apparatus can be pro- 
vided with fixed grid resistors in thè final stage. Adjustments 
can be made with thè potentiometers of thè bridge circuit, thus 
varying thè amplitude of thè pulse but leaving thè smoothing un- 
disturbed. The output stage employs four power pentodes E 80 L con- 
nected as triodes. To obtain a high slope and large anode current, 
two tubes are connected in parallel in each half of thè circuit. 
In order to prevent parasitic osci1lations , stopper resistors of 
1 kfi are connected in series with thè control grids, and of 100 fi 
in series with thè screen grids. These resistors must be connected 
dose to thè tube sockets. 

If there is a considerable error to correct, thè power tubes 
dissipate about 9 W each, and this must be taken into account when 
considering thè location of thè tubes on thè chassis. The power 
tubes may not be placed too dose to each other or in thè immediate 
vicinity of thè power transformers, rectifier tubes or thè elec¬ 
trolytic capacitors. In order to reduce thè space required, 
however, two tubes of different halves of thè final stage cari be 
placed dose to each other, so tube near to tube 7 ^ and tube 
7g near to tube 7^ . 

In thè anode circuits milliammeters of 100 mA are inserted to 
facilitate thè adjustment of thè apparatus and to obtain infor¬ 
mati on about thè error in thè material. 

Fig.78 shows thè grid voltage delivered by thè diodes V D and thè 
anode current I Q of thè power tubes as a function of thè error. 
Curves are given for triode connection and for pentode connection 



Fig.78. Voltage on thè diodes (V^) and thè anode current 

(I q ) of thè power stage, as a function of thè error. The 

curves marked I are for pentode connection, those marked 
ap 

I t for triode connection of thè power tubes. 






of thè output tubes. It can be seen that thè triode connection 
is to be preferred, because thè slope in thè vicinity of thè 
origin of thè curve is greater than for pentode connection. Small 
errors are therefore better corrected when triode connection is 
used. Another advantage of thè triode connection consists in thè 
fact that if a connecting wire to thè field coil should be inter- 
Vupted thè tube will not be damaged, thè screen grid and anode 
circuits being interrupted simultaneously. In thè case of pentode 
connection such an interruption would result in overloading of 
thè screen grids. 

From thè insert of Fig.78 it can be seen that for thè correction 
of small errors it is advantageous not to pperate thè power tubes 
in thè cut-of f positiòn, thè slope of thè characteristic being 
rather small at this point. A bias somewhere at thè lower bend 
of thè tube characteristics is much more favourable in this 
respect. 

THE SUPPLY UNITS 

Two supply units are built together on thè same chassis carrying 
thè apparatus just described. One of t hem, using a rectifier tube 
EZ 80 in a full-wave Circuit, supplies thè anode voltage for thè 
magnetic pick-up amplifier, thè flip-flop circuits and thè bridge 
Circuit. The grid bias for thè power tubes is also delivered by 
this unit. The grid bias can be adjusted, by means of thè potentio- 
meters Pg and P ^ , to values between 0 and -20 V and is smoothed 
by thè electrolytic capacitors Cgg and C^yof 50 fiF . The heater 
supply for 5 of thè doublé triodes is delivered by thè mains 
trans former T ^• 

The other supply unit is not grounded and is only used for thè 
anode supply of thè power stage. A rectifier tube EZ 81 is employed 
as a full-wave rectifier, and sufficient smoothing is obtained 
by only one electrolytic capacitor of 50 fi F. The doublé triodes 
cf thè bridge Circuit, thè doublé diode and thè power tubes obtain 
their heater supply from thè transformer of this unit 

THE D.C. SUPPLY FOR THE INCANDESCENT LAMP 

In order to avoid ripple in thè light source, thè incandescent 
lamp is fed with d.c. Therefore a supply transformer, a selenium 
rectifier in a bridge Circuit, a current stabilizing tube 1910 
and two electrolytic capacitors of 2 x 500 yuF, 25 V are employed. 
This supply unit is built on one chassis with thè phototube ampli¬ 
fier. With this Circuit thè current through thè lamp is suffi¬ 
cient ly smoothed and stabilized to inake thè intensity of thè light 
beam independent of variations in thè mains supply. 




Fig.79. Circuit diagram of thè electroni 
register control apparatus, 
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RES ISTORS 



fl i 

= 

0 . 1 

mQ. 3 

W *) 


= 

40 

kQ. 3 

W * ) 

«3 

= 

0 .1 

mQ. 1 

W *> 

«4 

= 

1 .8 

kQ, 0 . 5 

W 

«5 

= 

0 . 27 

mQ. 0.5 

W 

«6 

= 

0.82 

mQ. 0.5 

w 

«7 

= 

27 

kQ, 0 . 5 

w 

fi 8 

= 

0.82 

mQ. 0.5 

w 

«9 

= 

0 . 22 

mQ. o.s 

w 

"io 

= 

0.82 

ffì. 0.5 

w 

«11 

= 

29 

kQ, 5 

w 

«12 

= 

0.82 

mQ. 0.5 

w 

«13 

= 

4 .7 

kQ. 0 . 5 

w 

fi, . 

- 

0 . 1 

mQ. 0 . 5 

w 

14 

«15 

= 

22 

kQ. 5 

w *) 

«16 

= 

0.82 

mQ. 0 . 5 

w 

«17 

= 

0 .18 

m q. i 

w 

«18 

= 

0 . 1 

mQ. 0.5 

w 

«19 

= 

0 .1 

mQ. 0 .25 

w 

«20 

- 

47 

kQ, 0 . 25 

w 

«21 

- 

22 

kQ. 0 . 25 

w 

«22 

= 

22 

kQ, 0 . 2 5 

w 

«23 

= 

6.8 

kQ, 0 . 25 

w 

«24 

= 

0 . 1 

mQ.O . 25 

w 

«25 

= 

22 

kQ, 0.25 

w 

«26 

= 

0 . 1 

mQ. 0 . 25 

w 

fì n „ 

9 7 


47 

kQ, 0 . 2 5 

w 

ù / 

«28 

= 

10 

kQ. 0 . 2 5 

w 

«29 

= 

22 

kQ, 0 . 25 

w 

«30 

- 

22 

kQ. 0 . 25 

w 

«31 

= 

0 . 1 

MQ. 0 . 25 

w 

«3 2 

= 

33 

kQ, 0.25 

w 

«33 

= 

1 2 

kQ. 0. 2 5 

w 

«34 

= 
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mQ, 0 . 25 

w 

«35 

= 

0. 5 
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w 

fi „„ 

9 fi 

= 

2 

mQ, 0.5 

w 

O D 

«37 

= 

1 

MQ. 0 . 5 

w 

«38 

= 

100 

Q. 0.25 

w 

«39 

= 

1 

kQ 0.25 

w 

«40 

= 

1 

kQ, 0 . 2 5 

w 

«41 

= 

100 

Q. 0.25 

w 


fl 42 = 3-9 k ^ - 1 * 

« 43 = 33 kfl. 0.25 W 

i? 44 = 0.1 Ao.25 * 

i? 45 = 4.7 kfl.O .25 W 

fi.. = 4.7 kfl.0.25 W 

4 b 

fl 4? = 0 .1 mQ, 0. 25 W 

« 48 = 0.1 Mfl0.25 w 

fi 49 = 47 kfl.O .25 W 

fi 5Q = 22 kfl.0.25 » 

« 51 = 22 kfl.0.25 W 

fl 52 = 6.8 kfl.O. 25 W 

fi 53 = 0.1 Mfl. 0.25 W 

fi J4 = 22 kfl.O. 25 W 

fi 55 = 0.1 Mfl. 0.25 W 

fi 5g = 47 kfl.0.25 W 

fi &7 = 10 kfl.0.25 W 

fi 58 = 22 kfl.O .25 W 

fi 59 = 2 2 kQ. 0.25 W 

fi 60 = 0.1 Mfl.O. 25 W 

fi 61 = 33 kfl.0.25 W 

fi g2 = 12 kfl. 0.25 » 

fig 3 = 0.1 Mfl. 0.25 W 

fi g4 = 0.5.MQ. 0.25 W 

fig 5 = 2 Mfl. 0.5 W 

flg 6 = 1 Mfl. 0 . 5 W 

fig 7 = 100 fi. 0.25 « 

flg 8 = 1 kfl, 0.25 W 

fig 9 = 1 kfl. 0 . 25 W 

fi 70 = 100 fi. 0.25 W 

« 71 • = 0.1 Mfl. 1 W 

POTENTIOMETERS 

P l - 0.5 mQ, 

P 2 = 10 kfl. 2.5 W * ) 

P 3 = 50 kfl. 

P. = 50 kfl, 

4 . 

P 5 = 10 kfl. 2.5 W ) 

Pg = 16 kfl. 2.5 W *) 

P y = 16 kfl, 2.5 W *) 


*) wire-wound 

**) ceramic 
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C 1 

= 


0.47 

uF. 

50 0 

V 

C 2 

= 


400 

pF. 

500 

V 

C 3 

= 


50 

uF. 

12.5 

V 

c 4 
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0.47 

MF. 
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V 

C 5 

= 


25 

uF. 

3 50 

V 
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0.1 
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C 11 
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0.1 


500 

V 
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* * ) 


C 13 

= 


220 

pF. 

* * ) 


C 14 

= 


220 

PF. 

* * ) 
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* * ) 


C 16 

= 
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* * ) 
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0.47 
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V 
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0 . 47 
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V 
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= 
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V 
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= 

4 
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uF. 
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V 

c 21 

= 

4 
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MF. 
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V 
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50 

mF. 

12,5 

V 

c 23 

= 


0.1 

mF. 
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V 

c 24 

- 


0.1 

uF. 
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V 

C 2 5 

= 


0.16 

ut . 



c 26. 

- 


220 

PF. 

* * ) 


C 27 

= 


2 20 

PF. 

* * ) 


C 28 

= 


220 

pF. 

* * ) 


c 29 

- 


220 

PF. 

* * ) 


C 3 0 

= 


220 

PF. 

* * ) 


Si 

= 


0.47 

uF. 

500 

V 

C 3 2 

= 

500 

+ 500 

MF. 

25 

V 

C 33 

- 

500 

+ 500 

uF. 

25 

V 

C 34 

= 


50 

uF. 

4 50 

V 

C 3 5 

= 


50 

MF. 

4 50 

V 

C 36 

= 


50 

mF. 

25 

V 

C 37 

= 


50 

mF. 

25 

V 

C 38 

= 


50 

uF. 

350 

V 

C 39 

= 


50 

uF, 

3 50 

V 

C 40 

- 


50 

MF. 

450 

V 


TRANSFORMERS AND COILS 


L i 1 


field coils of auxiliary motor 

magnetic pick-up 
16 V. 2 A 
220 V. 50 ^ 

choke coil 60 m A, 8 H , 300 0 


2 x 27 5 V. 35 mA 


6.3 V, 0.6 A 
L 1() 6.3 V. 1.2 A 

primary 220 V, 50 ^ 

choke coil 8H, 60 mA, 3 0.0 Q 

L 13 ì 

, 2 x 275 V, 50 mA 

14 J 


L is 

6.3 V. 0.6 A 


L 16 

6 .3 V, 3 A 


L 17 

primary 220 V. 

50 ^ 

L „ 



18 ^ 
L ( 

2 x 27 5 V. 100 

mA 

19 ; 



L 20 

6.3 V. 1 A 


L 21 

6.3 V. 4.2 A 


L 22 

p rimary 220 V , 

50 ^ 


mains transforraer for exciter 1amp 

mains transformer H.T. unit photo- 
tube amplifier (7*^ and T^ can be 
combined) 

mains transformer 
mains transformer 




SUGGESTIONS FOR A SIMPLE SPECTRO-PHOTOMETER 


In a laundry experiments were made with diverse machines and 
washing powders to ascertain thè cheapest and most efficient 
method of washing. Several pieces of fabric were soiled to thè 
same degree and washed in different machines with different 
washing powders. In thè course of thè experi ment it proved to be 
difficult to distinguish by eye between thè results ob tained , and 
to obtain comparative measurements a kind of photometer had to 
be developed. A diagram of this photometer is shown in Fig.80. 



Fig.80. Photometer for comparative measurement of washings. 


Two metal tubes are welded to each other at an angle of 90°. One 
of these tubes comprises thè exciter lamp. while thè other contains 
thè phototube. Baffles are provided inside thè tubes to intercept 
stray light. The fabric under inspection is stretched over a small 
steel table with rounded edges and thè tubes are placed above it. 
A suitable meter connected in thè phototube Circuit gives an in- 
dication of thè whiteness of thè washing. A tablet of magnesium 
carbonate is used as standard white. This instrument gives ver y 
good results. The meter is set to full deflection with thè mag¬ 
nesium carbonate block on thè exposure table, and thè results .of 
thè washing experiments are expressed in percentages of this 
maximum deflection. 

Starting from this photometer for comparative measurements it 
seems only one step further to make a spectro-photometer for 
comparing thè colours' of inks, paints or dyes . Suppose a slide 
with suitable filtersis inserted inthe tube containing thè exciter 
lamp, then thè material under test on thè exposure table reflects 
a certain amount of light in every colour transmitted by thè 
filters. Actually, however, a spectro-photometer is somewhat more 
complicated than thè photometer previously described. First of all, 
if thè angle of reflection is equal to thè angle of incidence, 
gloss of thè material under inspection can upset thè measurement. 
Therefore another form must be given to thè new instrument. 



Fi g . 8 1 . A simple spectro-photome ter for comparative measurements. 



Furthermore, if only one phototube is used, this is either sen¬ 
sitive in thè blue or in thè red region of thè spectrum. A com - 
bination of ablue-sensitive and a red-sensitive phototube is neces- 
sary, which can be obtained by connecting two phototubes with 
different cathodes in parallel (see Fig.81). For colour measure- 
raent only thè visible part of thè spectrum has to be cover ed, say 
between 4000 and 7000 ft. Therefore a number of selective filters 
for thè different colours of thè spectrum must be used. Further- 
more, it should be possible to use commercial filters that are 
easy to obtain. There are several optical Industries making good 
filters for this purpose. The curves for thè filters described 
below were taken from an article by R. Donaldson ^ ) . 

The filters have transmission curves as shown in Fig.82 and are 
of thè following composition: 


Fil ter 

No. 

Colour 

Make 

Type 

Thickness 

1 

blue 

Chance Bros. 

OBI 

2.5 mm 




gela tine 


2 

blue- 

Wratten 

■fi1ter 



green 


No. 75 




Chance Bros. 

OY 4 

2.1 mm 

3 

green 


plus 




Zeiss 

BG 7 

4,2 mm 


y e 11 o w - 

Chance Bros . 

OG1 

2.8 mm 


green 


plus 




ir 

cadmium 


4 



yellow 

1.7 mm 




plus 




n 

cadmium 





yellow 

1.4 mm 



Chance Bros. 

OR 2 

2.5 mm 




plus 




Corning 

978 

2.9 mm 

5 

orange 


plus 




Chance Bros. 

cadmium 





yellow 

0.9 mm 



Chance Bros. 

OR 1 

1.8 mm 

6 

red 

il 

plus 





Cai orex 

3.3 mm 


In Fig.82 thè relative sensitivity of a phototube with thè "A" 
type of cathode (b1ue-sensitive) and thè relative sensitivity of 
thè "C" type of cathode (red-sensitive) are drawn, a curve showing 
thè relative spectral energy distribution of an exciter lamp being 
also given. From these curves it can be seen that, as a result 
of thè shape of thè curve for thè exciter lamp, thè sensitivity 


* ) R. Donaldson. Proceedings of thè Physical Society, page 554/ 1947. 






will be low in thè blue region and high in thè red region of thè 
spectrum. There is a considerable infra-red radiation which can 
spoil gelatine filters, so a heat absorbing filter must be provided. 
The Zeiss filter Schott No. BG 19of 1 mm thickness (thè transmission 
curve of which is drawn in thè figure), however, reduces thè heat 
considerably. Other heat absorbing filters are, for instance, 
thè Calorex filters of Chance Bros. With thè data obtained from 
Fig.82 thè sensitivity of thè spectro-photometer for thè six 
filter wavelengths can be calculated, thè result of such a calcu- 
lation being given in Fig.83. This graph is calculated for thè 



Fig.83. Overall sensitivity of thè spectro-photometer described. 

■use of two phototubes in parallel, viz. thè b1ue-sensitive vacuum 
phototube 90 AV and thè red - sensitive vacuum phototube 90 CV. The 
first has a sensitivity of 45 {jA/ lm . whilst thè sensitivity of thè 
latter is 20/uA/lm, measured with an incandescent lampwitha colour 
temperature of 2700 °K . The part of thè spectral response curve of 
thè 90 CV between 4000 % and 4800 X is not aJways thè some for 
all phototubes of this type. Therefore point No. 1 of thè curve 
may lie on thè line between 1 and la. 

From this graph it can be seen that thè sensitivity is sufficiently 
uniform for comparative colour measurements. 



Fig.84. Arrangement of a simpie spectro-photo¬ 
meter, for comparative colour measurements. 


A possible arrangement for thè part of thè apparatus so far dis- 
cussed is shown in Fig.84. The exciter lamp (E) is in thè top of 
a well ventilated compartment . The light passes through a heat 
absorbing filter (F) and is focused on thè object under inspection 
by a lens (L). A revolving wheel (W) contains thè six filters that 
can be placed in thè light beam. The lower compartment contains 
thè phototubes (A and C) and a slide (S) on which thè material 
under inspection can be placed. All thè inner parts of this com- 




partment have to be made dull black. It is also possible to pro¬ 
vide a hole in thè bottom of thè apparatus and to place it over thè 
material under inspection, To prevent stray light from entering 
thè phototube compartment ( a rubber ring can be applied to thè 
bottom. 

The V.T. voltmeter for use with thè apparatus can be made according 
to thè Circuit diagram of Fig.85. This Circuit has thè advantage 
that thè balance of thè triode voltmeter is practically indepen- 
dent of variations in thè supply voltage. The sensitivity can be 
adjusted by means of thè potentiometer P^, whilst zero adjustment 
is made with thè potentiometer . Adjustments can be carried out 
as follows: With an extinguished exciter lamp zero adjustment is 
made with . Then a block of magnesium carbonate is exposedto thè 
light, and with filter No. 2 inserted , because with this filter 
thè sensitivity is maximum, thè pointer of thè milliammeter is 



Fig.85. Circuit of thè V.T. voltmeter to be used with thè spectro- 
ph o t ome te r . 
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brought to full deflection with ? 2 * After this adjustment thè zero 
adjustment must be corrected again. If thè initial adjustment was 
very bad thè process must be repeated a few times. Colour measure- 
ments can now be made with thè different filters and thè results 
can be plotted in a graph similar to thè one of Fig.83. 

The phototubes are fed from a voltage reference tube 85A2. The 
load r esis t ance i s rather high. In thè test model of this V.T. volt¬ 
meter this value was used, but measurements madewith this instru- 
ment have shown that sufficient sensitivity can be obtained with 
a lower value of fi ^ . A lower value for R^ reduces thè influence 
of grid current, and a better stability is obtained. Another im- 
provement of thè Circuit is to include shunt resistance across thè 
milliammeter. This resistor can be interrupted by a press-buttan 
switch for obtaining greater sensitivity if meter readings at thè 
lower end of thè scale have to be taken. The resistor may have thè 
same value as thè meter resistance to obtain doublé sensitivity. 



In this case it may be necessary to use a meter of 250 or 500 pA 
full scale deflection. 

The anode supply is conventional for this type of instrument. A 
heater type rectifier tube EZ 80 is used, which can be connected 
to thè same heater supply as thè doublé triode. 

There are no objections against a.c. supply for thè exciter lamp, 
but it is adv Lsab le to use a current stabi lizer in series with 
this Circuit. The light source will then be sufficienti/ Constant 
durìng thè test. 
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